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REMARKS 

Reconsideration and withdrawal of the objections and rejections to the application are 
requested in view of the amendments and remarks presented herein, which place the application 
into condition for allowance. The Examiner is thanked for his helpful suggestions regarding 
claim amendments, and for indicating that claim 18 would be allowable if rewritten in 
independent form. 

I. STATUS OF THE CLAIMS AND FORMAL MATTERS 

Claims 1 and 3-16 are pending in this apphcation. Claims 1, 13, and 14 are amended; 
claims 2, 17, and 18 are canceled. Applicants reserve the right to file divisional applications to 
pursue the full scope of the claims. 

No new matter has been added by these amendments. Support can be found throughout 
the specification. Specifically, support for the amendment to claim 1 can be found in canceled 
claim 17. 

It is submitted that these claims are patentably distinct from the references cited by the 
Examiner, and that these claims are in full compUance with the requirements of 35 U.S.C. §112. 
The amendments of the claims herein are not made for the purpose of patentability within the 
meaning of 35 U.S.C. §§ 101, 102, 103 or 1 12; but rather the amendments are made simply for 
clarification and to round out the scope of protection to which Applicants are entitled. 
Furthermore, it is explicitly stated that the herewith amendments should not give rise to any 
estoppel, as the herewith amendments are not narrowing amendments. 

IL THE REJECTIONS UNDER 35 U.S^C, $112. 1^^ PARAGRAPH, ARE OVERCOME 
The Specification Contains Adequate Written Description 

Claims 1-17 were rejected under 35 U.S.C.§1 12, first paragraph, as allegedly lacking 
adequate written description for the broad class of any and all DNAs with caryopsis-specific 
promoter activity and having the indicated similarity to the disclosed sequence. The Office 
Action contends that nucleic acid sequences having as little as 75% identity "embraces widely 
variant species that cannot be described by disclosing only one species within the genus". Claim 
1 has been amended to recite sequence identity of 90-99%. 

The Examiner is respectfully asked to reconsider his position with respect to the percent 
identity issue, and in doing so, his attention is drawn to Example 14 of the USPTO's "Synopsis 
of Application of Written Description Guidelines". Example 14 presents a fact pattem that is 
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analogous with that of the instant application. The claim in Example 14 recites the structure of 
the claimed protein, in the form of a SEQ ID NO and variants with a particular percent identity 
to the recited sequence, and function in the form of identifying the reaction that the protein 
catalyzes (i.e. its enzymatic activity). Claim 1 of the instant application recites (1) structure of 
the claimed protein in the form of a SEQ ID NO, and variants with 90-99% identity to the recited 
sequence, and (2) function of the claimed protein in the form of its caryopsis-specific promoting 
activity. As discussed in Example 14, even if the claimed SEQ ID NO is the only species 
disclosed, it is representative of the genus because all members of the genus have the claimed 
level of identity with and function of the protein described by the reference sequence. Therefore, 
according to Example 14 of the Written Description Guidelines, claim 1, as presented herein, 
meets the written description requirement of 35 U.S.C. §1 12, first paragraph. 

The Office Action makes several allegations, among them that the group of sequences 
having 90-99% identity with one of the nucleic acid sequences stated under a) embraces "widely 
variant species" and that the art is unpredictable. Further, the "relevant identifying 
characteristics" of the species are clearly stated in the claims: the claimed molecule can be 
identified by its caryopsis-specific promoting activity and by its sequence, as discussed above. 
According to MPEP 2163.04, "[a] description as filed is presumed to be adequate, unless or until 
sufficient evidence or reasoning to the contrary has been presented by the examiner to rebut the 
presumption." No such evidence has been presented here. Contrary to the guidelines mandated 
by MPEP 2163.04(1), aprima facie case providing reasons why the skilled artisan would not 
have recognized that the inventors possessed the invention, as claimed, at the time of filing has 
not been made in this instance. 

The Claims Are Enabled 

Claims 14 and 16 were rejected under 35 U.S.C. §1 12, first paragraph, as allegedly 
lacking enablement. The rejection is traversed. 

The Office Action indicates on page 6 that the arguments set forth in the Response of 
February 26, 2003 were not persuasive, as they failed to account for the scope of the claimed 
subject matter. It was argued that it would require undue experimentation to practice the full 
scope of the invention as claimed, as the skilled artisan would have to engage in trial and error 
experimentation to identify an effective inhibitory antisense or ribozyme molecule for each and 
every gene expressed in the caryopsis. 
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The Applicants have demonstrated that the promoter of the invention can provide tissue- 
specific expression, i.e. is a caryopsis-specific promoter. It can be used to express nucleic acids 
that are functionally linked to the promoter sequence, such as in an expression cassette or vector. 
The nucleic acid that is linked to the promoter can be a polypeptide-encoding sequence (e.g. a 
gene), and can be linked to the promoter in sense or antisense orientation. The nucleic acid may 
also encode a non-translatable RNA, such as an anti-sense RNA or a ribozyme. As the promoter 
of the present invention is specifically active in the caryopsis of plants, it is clear to a person 
skilled in the art that it can be used for caiyopsis-specific expression of ribozymes or antisense 
RNA As a consequence, the effect of the expression of ribozyme or antisense RNA is also 
focused on the respective tissue where the promoter is active. 

It is well known in the art that plant systems exhibit a phenomenon known as "homology- 
dependent gene silencing". This phenomenon is based on the observation that plants possess a 
transient pairing mechanism of homologous sequences, which induces the methylation of often 
multiple genes containing these homologous sequences. An increase in DNA methylation 
frequently accompanies inactivation of genes, and is a well-known mechanism of gene silencing. 
Researchers in an attempt to express foreign DNA in plants, found that transgenes were often 
inactivated by this phenomenon. 

The Examiner is respectftilly directed to page 5, lines 22-31, and continuing on page 6 of 
the instant application, where the phenomenon of homology-dependent gene silencing, which is 
also known in the art as "co-suppression", that can be advantageously appHed by means of 
promoter sequences, is discussed. It is clearly pointed out that "co-suppression strategies using 
promoters have been described in detail by Vaucheret et al." A reference by Matzke et al, which 
also discusses co-suppression of plant genes, is fiirther discussed. 

Preferred embodiments of the present invention describe suppression of caryopsis- 
specific genes using tissue- and developmentally-specific promoters of the present invention. 
The Applicants appreciate the Examiner's argument that it would require undue experimentation 
to create antisense sequences to every caryopsis-specific gene; however, it is respectfiilly pointed 
out that, while antisense nucleic acids comprising sequences homologous to structural genes can 
be synthesized and operably linked to the promoters of the present invention, expression of the 
promoter sequence itself, positioned in the antisense orientation and operably linked to the 
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promoter sequences in the sense orientation, would produce a similar, if not identical effect of 
caryopsis-specific gene suppression. 

If inactivation of known caryopsis-specific genes is desired, antisense and ribozyme 
sequences could easily be designed according to methods well known in the art. The Examiner 
is respectfully invited to review the hundreds of references detailing the practice of gene 
suppression by antisense technology (a representative Hst of publications is enclosed). Similarly, 
it is well within the purview of the skilled artisan to design a ribozyme that preferentially cleaves' 
any sequence that contains the promoter sequences of the present invention. Therefore, in this 
scenario, it would not require trial and error experimentation to practice the full scope of the 
invention as claimed. 

In view of the amendments and arguments presented, it is believed that the rejections 
under 35 U.S.C.§ 1 12, first paragraph, are overcome, and reconsideration and withdrawal are 
requested. 

III. THE RE.TF.rTIONS UNDER ^5 TT S.C. S1T2. 2^° PAPAG RAPH. ARF OVFPrn^^ir 

Claims 2, 13 and 14 were rejected under 35 U.S.C. §112, second paragraph, as allegedly 
being indefinite for failing to particularly point out and distinctly claim the subject matter which 
the Applicants regards as the invention. Claim 2 has been canceled, obviating the rejection with 
respect to it. 

Claim 13 has been amended to recite "in caryopses", as suggested by the Examiner. 
Claim 14 has been amended to clarify that it is the nucleic acid under the control of the 
caryopsis-specific promoter that is suppressive. 

In view of these amendments, reconsideration and withdrawal of the rejections under 35 
U.S.C. §112, second paragraph, are requested. 
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CONCLUSION 

Applicants believe that the application is now in condition for allowance Favorable 
reconsideration of the application and prompt issuance of a Notice of Allowance are earnestly 



solicited. 



Respectfully submitted, 

FROMMER LAWRENCE & HAUG LLP 

Marilyn Matthes Brogan 
Reg. No. 31,223 
(212) 588-0800 
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1 




)rte4ip^r-sense cases (entries c 


omplete up to 1999. nearly complete 2000. incomplete 2001, last entry November 2001) 


2 


Target gene 


Gene function 


Major 
expression 


Deficiency phenotype 


Silencing 
method 


Target 
species 


gene source 


fragntent 
length of 


Reference IECHCQ^ 


3 


Inducible 


















4 


aspartate amino 
b^nsferase-P2 


? 


upon Cu inductior 


decreased enzyme activity 

and decreased nodule 
asparaqine concentration 


pACEl (Cu- 
inducible)- 
antisense- 


Lotus 
comicuiatus 


? 




Mett et al. (1996) Transgenic Research S(2),105-113 


5 


Aox la (alternative 
oxidase) 


temiinal electron 
acceptor of ttie 
alternative pathway in 
the electron transport 
chain 


upon Cu inductior 


effective cytochrome 
pathway inhibition (; 
production of up to 8.8 times 
more ethanol-via aerobic 
fermentation) 


MRE (Cu- 
inducible)- 
antisense- 


Arabfdi^sis 
thaliana cv. 
Columbia 


Arat^opsis 
thaliana (L) 
Heynh 


cDNA (+/• 
Ikb) 


Potter FJ et al. (2001) Planta 212. 215-221 


6 


CaklAt 


cyclirvKjependent 
klnasa-activating 
kinase: role in the 
differentiatran of initial 
cells {but Indepwndent 
of cell division) 


upon 
glucocorticoid 
induction (DEX) 


gradual reduction of COK 
activity; inhibition of root 
growth; transcript reduction 
upon Induction 


pGVG- 
antlsense- 


Arabkiopsis 
thatiana L. 


Aiabkit^sis 
thaiiana L. 


CaklAt 
coding 
region 


Umeda M et al. (2000) Prov Nati Acad Sd USA 
97(24) 13396-13400 


7 


cdc2b 


kinase-related protein 
(cell cydus) 




stwrt hypoootyt and open- 
ootvledon phenotype 


Inducitile a.s. 


Arabkiopsis 
thafmna L. 






Yoshizumi et al (1999) Plant Cell 11. 1883-1895 


8 


GUS (beta- 
glucuronidase: 
uidA) 


beta-glucuronldase 
enzyme 


upon T7- 
polymerase 
induction 
(crossing) 


loss of blue staining 


pT7-sonse- 


tobacco 
(Nicotiana 
tabacum L.) 


EschefKhia 




Zeitoune S et at. (1999) Plant Science 141(1) p59 


9 


Hsp70 (heat shock 
protein) 


protective rote in 
thermototerance 


upon heat stress 


dowiregutation of hsp70 
genes 


soybean heat- 

inducible 
PGmhsp17.6-L' 
antlsense- 


Arabldopsis 
thaliana L. cv 
Columbia 


NhoUana 
tabacum L. 
PC63106) 


CDNA 
fragment 
(1667bp) 


Lee JH and Schofft F (1996) Mol Gen Genet 252(1- 
2): 11-19 


10 


le 20 


drought-induced 
putative histone HI 






Inductble a.s. 


tomato 






not successful 


11 


NDP-kinase 


guanine nucleotide 
synthesis? 


upon heat sti-ess 


inhibition of cell elongation In 
coleoptile 


PHSP81-1 - 
antisense- 


rice (O/yza 
sativa L.) 


rice (O/yza 
saUva L.) 


cDNA- 
fragment 
(about 
0.7kb) 


Pan L. et al. (2000) Plant Physiology 122. 447-452 


12 


PPO 

(pfotoporphyrino- 
gen oxydase) 


last common enzyme 
of the biosynthesis of 
the heam group and 
chlorophyl 


after crossing with 
plant expressing 
constitutive GAL4 
C1 chimeric 
transgene 


growth alterations and 
necrotic lesions (similar to 
pathogen-induced 
hypersensitive reaction SAR) 
on leaves 


GAL 4AJAS- 
antisense-35S 
terminator 


Arabidipsis 
thaliana L. 


Arabktlpsis 
thaliana L. 


cDNA 
fragment: 
S57bp 


Molina A et al. (1999) Plant J 17(6), 667-678 


13 


SAM DC (S- 

Adenosyimathionin 
6 decartjoxylasej 
EC4.1.1.50) ' 


pcriyamines spermidine 
and spemitne 


increase of 

OMJvlL^N^ oCllVliy 

during the early 

stages of 
polymerisation 


decrease in SAMDC 
transcript level, SAMOC 
activity and total polyamine 
levels 


patatin promoter 
antlsense or 
sense- 
(pBIN19); 
p35S{2x^ 
antisense-t35S 
or tetr inducible 
prom-antlsense 
toes 


potato 
{ScSanum 
tuberosum L.) 


potato 
{Solanum 
tuberosum L. 
cv. D6str6e) 


cONA 
fragment 
(1800bp? 
?) 


Kumar A et al. (1996) Plant J 9(2), 147-158; 


14 


Wak1 (celt wall 
associated receptor 
kinase: pro25; 
L04999) 


a pathogen related 
(PR) protein 


induced by 
pathogen 
Infection (and by 
INA or SA) 


bleaching arid death upon 
Induction: but no notlsable 
influence on mRNA?... 


pPR1- 

terminator (INA 
inducible 
promoter!) 


Arabkiopsis 
thaliana L. 


Aratiklopsls 
thaliana L. 


cDNA 
(2.1kb?7) 


He ZH et al. (1998) Plant J. 14(1). 55-63 


15 


Wak4 (cell wall 
associated receptor 
kinase) 


possible vita) role of 
WAKs in cell 
elongation and 
required for plant 
devetopmant 


mainly in green 
organs 


significant decrease of WAK 
proteins: undetectable after 96h 
after induction : impaired cell 
elongation and blocked 
lateral root development 


6XUAS 
GAL4!nd prom- 
antisense- ? 
terminator 
(dexametheson 
e inducible; 
pTA7002) 


Aratiidopsis 
thaliana L. ec. 
Columbia 


Aratfkiopsis 
thaliana L 


fulMength 
genomic 
fragment 
(2,4kb7?) 


Ully D et al. (2001) The Plant Cell 13(). 1317-1331 


16 


Natural 


















17 


atp6 


role in cytoptasmic- 
male-sterility (CMS); 
energy metabolism 


expressed by the 
mitochondrial 

genome 


CMS 


2 antlsense 

transcripts 
(pse udogen e ) 


Oryza sativa 
(cybrids) 


Oryza sativa 
(cybrids) 


2 different 

a.s. 
transcripts 
(2.2 and 
2.6 bp 
lonq) 


Akagi H et al. (1994) Cun Genet 25(1). 52-58 


18 


chs (nivea locus) 


pigment biosynthesis 


flower tissue 


loss of flower colour 


antlsense? = 

"Inverted 
duplication" 


Anthirrhinum 
majus 


Anthirrhinum 
majus (- gene 
rarrangement) 


inverted 
duplica- 
tion in 
promoter 
reqlon 


Bollmann et al. (1991) The Plant Cell 3, 1327-1336, 

Uster et al. (1993) The Plant Cell 5, 1541-1553; 
Lister and Martin (1989) Genetics 123(2), 417-425; 
Coen and Carpenter (1988) 7(4), 877-883 


19 


PAI 


tr^^to phan 
biosynthesis 


ubiquitous 


fluorescent phenotype 


sense/ 
antlsense? = 

duplication-tail 
to tail inversion 


Aral>i<Jopsis 
thaliana L. ec. 
Wassilewskija 


Arabkfopsis 
thaiiana L. 

(gene 
duplication) 


tail to tail 
rearrange 
ment 


Martienssen R. (1996) Cunenl Biology 6(7). 810-813 
(see b-gene): Bender and Fink (1995) Cell 83. 725- 
734; Jeddotah et al (1998) Genes and Development 
12. 1714-1725; Melquist et al. (1999) Genetics 
153(1). 401-13 


20 


S-genas 


control of potien- 
stigma self- 
Incompatibilltv 


seveloping silks 


self incompatibility? 


antlsense 


Brassica 






Ansaldi R et al. (2000) J Biol Chem 275(31), 24146- 
24155 


21 


r-gene (red locus) 


transcription factor 


seeds 


altered seed coloration 


sense (R-st), 
antlsense (R-r) 


maize (Zea 
mays) 


maize (Zea 
mays) 


rearrange 
ment 


Eggleston et al. (1995) Genetics 141(1), 347-360; 
Ronchi et af. (1995) Embo J. 14(21). 5318-5328; 
Martienssen R. (1996) Current Biology 6(7). 810- 
813 


22 


silencing of 
transgenes 


















23 


chimeric atp9; 
unedited (ATP- 
synthasa subunil 9) 


rde in male sterility 


transgene 
targeted to 
mitochondria; 
expression of the 
transgene in 
vegetative and 
qenerativ^ tissue 


retoraUon of male fertility 


p35S-antlsens» 
yeast precoxlV- 
CaMV term IV 


tobacco 
{Nkotiana 
tatjacum L.) 


wfieat 


entire 

coding 
sequence 

of the 
unedited 

coding 
sequence 


Zabaleta E et al. (1996) Proc Nati Acad Sd USA 
93(20), 11259-11263 


24 


bar 


hebicide resistance 


? 


loss of herbicide resistance 


pUbil -chimeric 
sense construct 


rice (Oryza 
sativa L.) 






Kumpatla SP et al. (1997) Plant Physiol 115(2), 361- 
371:KumpaUa SP and Hall TC (1998) Plant J 14(1). 
129-135: KumpaUa 5P and Haii TO (1999) IU£1M0 
Itfa 46(4). 459-487 





A 


B 


c 


D 


E 


F 


G 


H 




25 


CAT 

(c^Jo3m phynlcol 
acetyl transferase) 


transgenic reporter 
gene 


mnettti tihja r^R.Q> 


loss of CAT activity 


p35S~entise n sa 


carrot 
protoplasts 


tiacterial Tn9 
transposon 




Ecker JR and Davis RW (1966) Proc KatI Acad Sd 
USA 83(15). 5372-5376; Bourque JE and Folk WR 
(1992) Rant Mol Biol 19r4). 641-647 


26 


GUS (beta- 
glucuronidase: 
uidA) 


transgenic reporter 
gene: (p35S-senso-rK« 
terminator) 


constitutive 


reduced tilue stalnirig 


p35S-antIs«nse 
fragments-; 

transient 
expression 


Petunia 
hybrida 
ptfotopriasts 


Escherichia 
coii 




de Lange P et al. (1993) Plant Mol Biol 23. 45-55 


27 


GUS {beta- 
glucuronidase: 
tjkJA) 


t>eta-glucuronid3se 
enzyme 


constituticve 
{p35S-senso-) 


reduced blue staining 


pca/b-antisensfl 
T7 


tobacco 
[Nicotiana 
tabacum l_) 


Escherichia 
coll 


41 bp 


Cannon M et at. (1990) Rant Mo) Bid 15. 33-47 


28 


GUS (beta- 
glucunxiidase: 
UidA) 


beta-gtucuTonidase 
enzyme 




reduced blue staining 


seed specific 
promoter- 
antlsense- 


totiacco 
(Nicotiana 
tabacum L.) 


Escherichia 
coti 




Fujiwara et al. (1992) Plant Mol Bid 20, 1059-1069 


29 


GUS (beta- 
glucuronidase: 
ufdA) 


beta-glucuronidase 
enzyme 




reduced blue staining 






Escherichia 
COS 




Depicker group 


30 


GUS {pollen} 


Gus oxpr&ssion in 
pollen, leaves and 


pollen, leaves and 
roots 


significant reduction in pollen 
GUS activity 


pLAT52- 
antisanse-tnos 


tottacco 


Escherichia 
coU 


? 


Willdnson et at (1998) J. Exp. BoL 49, 1481-1490 


31 


hpt (hygromycin 
phosphotransferas 
e) and NiR (nitrite 

rwiutfag^) 


antibioticum resistance 
and nitrate 
bk>synthiesJs 


? 


Silencing of hpt and 
endogenous NiR-gene: 
promoter mediated; 

chlonssis 


p35S-hygro and 
p35S-RiN 
(antisense) 


tobacco 






Park YD et at. (1996) Plant J 9(2), 183-194 


32 


hygR and kanaR 
genes driven by 
various oromoters 


resistance to 
antibioticum 


depending on the 
promoter 


loss of resistance 




tobacco 






multiple papers by the Matzke group. Original (?) : 
Matzka el al (1998) EMBO J 8, 643-649 


33 


aleuron-specific 
LtD2-GUS 


lipid transfer protein? 


seeds 


specific GUS staining pattem 
on seeds 


partial 
antisense 


rice 






Morino et al (1999) Plant Journal 17. 275-285 


34 


N05 gene 


Nopaline synthase 


constitutive 


Loss of nopaline 
accumulation 


p35S-sense-; 
p35S-8ntisense 
nos ter 


tottacco 
(Nicotiana 
taliaccum L.) 


Agrobacterium 
(T-DNA) 


5'DNA 
fragment 


Rothstein SJ et al. (1987) Proc Natl Acad Sd USA 
84(23), 8439-8443; Goring et al (1991) PNAS 88, 
1770-1774; Fujiwara et al (1993) Piarrt Ceil Reports 
12, 133-138 


35 


npt II (neomycin 
phosphotransferas 
e II) 


resistance to 
aminoglycoside 
antibiotics 


? 


reduction of transcript 


sense and 
antisense 


tobacco 
(Nicotiana 
tabaccum L.) 


bacterial Tn5 
transposon 




Depicker group; Van Houdt H et al. (2000) 263(3). 
995-1002 


36 


p35s-RolC 




constitutive 


rescue the ro/C- induced 
male sterility 


p35S-anti sense 


P35S-ro/C 
transformed 

tobacco 
{Nicotiana 
tabacum L. 

plants) 


Agrobacteriu 
mrhizogenes 


roJC 
fragments 
: 192bp 
and 


SchmOlling T et at. (1993) Mol Gen Genet 237, 385- 

1Q4' ^r:hmn(ltnn T anri RnhHn l-l r^QQ'^^ Unl tian 

Genet 249, 375-390 


37 


PR-glucanase 

(patogenesis- 
reiaieo Deia-i.t}- 
glucanase) 


male sterility due to 
beta-1 ,3-glucanase 
activity 


tapetum specific 
expression of the 
transgene t)y A/. 
A9 and A3 
promoters 


restoration of male fertility 


pA9 and pA3 + 
antisense 
sequences 


tobacco 






Hird DL et al. (2000) Transgenic Res 9(2), 91-102 


38 


Waterhouse: 


















39 


chs 


pigment biosynthesis 






ihp, sense, a.s. 


Arabidopsis 








40 


delta 12 


fatty acid biosynthesis 






ihp, hp, a.s. 










41 


delta 9 


fatty acid biosynthesis 






ihp, hp, a.s. 


cotton 








42 


delta 12 


fatty acid biosynthesis 






itip, hp, sense, 
a.s. 


Arabidopsis 








43 


fic 


towering time regulator 






ihp, a.s. 


Arabidopsis 








44 


vims (PVY) 








ihp. hp, sense, 
a.s. 


tobacco 








45 


Other 


















46 


A9 (tapetum- 
specific) 


not known (r>ot 
essential for mate 
fertility...) 


tapetum (buds) 


very low or undetectable 
levels of A9 mRNA 


AfBbidopsis A9 
promoter - 
antisense- 


Brassica 
napus 


Brassica 
napus cv 
Westar 


full-tength 
(490 bp) 


Turgut K et al. (1994) Plant Mol Biol 24(1), 97-104 


47 


ABA2 (zeaxanthin 
epoxidase) 


absisic acid 
biosynthesis 


? 


rapid seed germination and 
reduction of Atx:rsic acid 
(ABA)-3bundance in seeds 


p35S(+duplicate 
d enhancer 
domain )- 
a^tisensa• 
rbcS3' region 


Nicotiana 
ptumbaginifoii 
a 


Nicotiana 
piumttaginifoii 
a 


ABA2 
fragments 

: O.Skb 
3ncl 1 ,4 kt) 


Frey A et a!. (1999) Rant Md Btol 39(6), 1267-1274 


48 


Le-ACC2 synthase 


biosynthetic pathway 
of ethylene 


during fruit 
ripening 


inhibition of fruit ripening 


p35S-antlssnss 

nos terminator, 


tomato 
(Lycopersicon 
esculentum 


tomato 
(Lycopersicon 
esculentum L.) 


full-length 
(1789 bp) 


Oeller et at. (1991) Sdence 254, 437-439 


49 


Le-ACC2 synthase 


biosynthetic pathway 
of ethylene 


during fruit 
ripening 


inhibition of fruit ripening 


p35S-se n se-( ?); 
p35S-antl&ens» 
; pE8-antls«nse 


tomato 
(Lycopersicon 
esculentum 
^) 


tomato 
(Lycopersicon 
esculentum L) 




Theologis et al. (1993) Dev Genet 14(4). 282-295 


50 


ACC oxidase 
(MEL1) 


ethylene biosynthesis 


all green tissue; 
inducible by chx 
and wounding 


late fruit ripening 


P35S-HEL1 
antisense-T7-5 


melon 
{Cucumis 

meio 
raticulatus 
Naud. Cv. 
Vddrantais) 


melon 
{Cucumis 

meio 
reticutatus 
Naud. Cv. 
V6drantais) 


futWength 
(1.2kb) 


Ayub R et at. (1996) Nat Biotechnd 14(7). 862-866 


51 


ACC oxidase 

(pTOMS) 


ethylene biosynthesis 


in leaves and 
ripenir^ fruit 


late fruit ripening 


p35S-ant]sense 
358 terminator 


tomato 
(Lycopersicon 
esculentum 
L.1 


tomato 
(Lycopersicon 
esculentum L.) 


fragment 
(1.1 kb) 


Hamilton et al (1990) Nature 346. 284-287; Schuch 
W (1991) Symp Soc Exp Bid 45, 117-127; Lycett 
GW (2000) Methods Md Biol 141, 145-155 


52 


ACC oxidase 
(AC01) 


ethyfene biosynthesis 


all green tissue; 
inducible by chx 
and wounding 


late fruit ripening; strong 
improvement in silencing 
when tandem repeat was 
used 


co-suppression 
(35S-sense-) + 

35S-short 
tandem repeat 
sense_antisen 
so * sense- 


tomato 
(Lycopersicon 
esculentum 
L) 


tomato 
(Lycopersi con 
esculentum L. 
cv. Ailsa 
Craig) 


ful length 
and ful 
length + 
short 

repeats (in 
tandem: 
sense* 

anilsensel 


Hamilton el al (1998) Plant J. 15, 737-746 


53 


ACC oxidase 
and/or ACC 
synthase 


ethylene biosynthesis 


upon wounding 


reduction of inducible 
ethylene production 


p3SS-antl sense 
:p35S- 
'Incomplete* 
sense- 


tottacco 
{Nicotiana 
tabacum L.) 


totiacoo 
{Nicotiana 
tat>acum L.) 




Knoester M et al. (1997) Plant Sdence 126(2). 173- 
183 





A 


B 


C 


0 


E 


F 


G 


H 
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ACLS (AcualisS) 


polyamine 
biosynthesis pathway 
fsoermine svnthtasel 


? 


reduction in the langth of 
stem Intemodes 


p35S-antlsensfi 


Aratjidopsis 
WaUana L 


AraWcte^wra 
tttaSana L. 


fulMength 


Hanzawa Y et af. (2000) EMBO J 19(16). 4248-4256 


55 


AtACXI and 2 

(Long-chain acy^ 
CoA oxidase) 


peroxisomal fatty acid 

beta-oxidation: 
mobilization of storage 
lipids 


seedlings and 
mature tissues 


reduced root growth; only 
ACX1 transcript could be 
reduced by antisense 
technology 


p35S+dual 
entiancer- 
antisense- 


Arabidopsis 
thaliana L. 


Arabidopsis 
thaSana L. 


cDNA 
clones 


Hooks MA et al. (1999) Plant J 20(1). 1-13 


56 


ADC (arginlne 
decartx>xylasd} 


Involved in the early 
steps of the polyamine 
biosynthesis 


? 


down regulation of the 
activity of endogenous 
arglnine and ornithine 
decartxixylases; marked 
decrease in ttie level of 
putrescine and spermidine 


p35S(+ 
duplicated 
enhancer 
sequence )-adc 
antis«nse-35S 
temninator 


rice {Oryza 
saliva L. cv. 
ITA212) 


oat 


fulMength 
(2124 bp) 


Capell et al. (2000) Mol Gen Genet 264. 470-476 


57 


Adh2 (antisense 
orientation) 


enzyme involved in 
ethanot fermentation 


upon anaherobic 
Induction (in 
roots?) 


65% AOH activity and 25% 

decrease in ethanot 
production in anaerobic roots 


p?-ant)sense- 


ccOton 
(Gossyphmt 
hirsutum L.) 


cotton 
(Gossyplum 
hirsutum L.) ? 




Ellis MH et al. (2000) Aust J Plant Physiol 27. 1041- 
1050 


58 


ADP-glucose pp- 
lyase (AGPasa) 


carbon metatiolism; 
starch biosynthesis 


tuber 


influence on tuber formation 

and atx}lltion of starch 
formation: decrease in dry 
matter; 


p35S-ant]sense 
ocs terminator 


potato 
{Solanutn 
tuberosum L. 
cv. D^trte) 


potato 
{Solanum 
tuberosum L.] 


fragment 
of subunit 
B(1.6kb 
-85% of 
fulMength) 


MOtler-Rfiber B et al. (1992) EMBO J 11, 1229-1238; 
Rober M et al. (1996) Planta 199(4). 528-536; Loyd 

JR et al. (1999) Planta 209(2). 230-238; 
Geigenberger P et al. (1999) Planta 209(3). 338-345 


59 


VfAGPC (ADP- 
glucose pp-tyase) 


cartxwi metatxjiism; 
starch biosynthesis 


cotyledons 


moderate decrease in starch 
and Increase in sucrose 
content 


seed-specific 
legumin B4 
promoter 
(pLeB4)- 
antlsense- 


Vlda 
narbonensis 


Vida faba 


fulMength 


Weber et si. (2000) Plant J 24(1), 33-43 


60 


aganrraus (AG: 
ATG1) 


flwai identity gene 


flowers 


flower atierration: whole 
range of abenatkins 


p35S^nsa- 

(Co- 
suppression); 
p35S- 
anttsense- 


arabidopsis 
(Arabidopsis 
thaliana L.) 


aratHdopsis 
(ArabidK^sis 
thaliana L.) 


fragments 


Mizucami Y and Ma H (1992) Cell 71. 119-131; 
Mizucami Y and Ma H (1995) Plant Mol Bid 28, 767- 
784 


61 


3Qdrnous (3q) snd 
davata 3 and 
apetala 1 and 
perianthla 


floral identity genes 


flowers 


flower aberration 


dsRNAI = p35S- 
sense + G US- 
loop + 
antlsense- 


arabidopsis 
(Arabidopsis 
tftaiiana L.) 


arabidopsis 
(Aratjidopsis 
thaliana L.) 


fragments 


Chuang and Meyerowitz (2000) Proc. Natl. Acad. Sd. 
97(9). 4985-4990 
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AGAMOUS 
(TAG1) 


floral identity gene: 


flowers; 
expressed in 
stamens arKt 

carpels 


floral atjerration; sense 
TAG1 RNA not detectable 
bus antisense transtcript 
dctfictsblo in trsnsQcnlc 
plants 


p?-antlsense- 


tomato 
(Lycopersicon 
esculentum 
L.) 


tomato 
(Lycopersicon 
esculentum L.) 


? 


Pnueli L el al.(1994) Plant Celt 6(2), 163-173 
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AGL20 (MAOS-box 
gene) 


control of flowering 


flowers 


delay in flowering time 


p35S-antlsens» 


Arabidopsis 
thaliana L. 


Arabidopsis 
thaliana L. 


fragment 

IWIUIOUI 

MADS- 
box) 




Bonhomme F et a!. (2000) Plant J 24(1), 103-111 
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AKR-gene 


chloroplast 
dtferendation 


green tissues; 
light dependant 
expression 


chlorosis; reduces seed 
production 


p35S-sanse or 
antlsense-nos 
terminator 


Aratjidopsis 
thaliana L. 


Arabidopsis 
thaliana L. 


fragment 
(1051bp) 


Zhang H et al. (1992) Plant Cell 4(12), 1575-1588 
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Alfini 


transcriptional 
regulator in plants 




entunced senseitivity to 
NaCI inhibition 


p35S-antiBense 


alfalfa 
(Medicago 
saliva L.) 


alfalfa 
(Medlcago 
sativa L.) 


fragment 
(904bp) 


Winlcov 1 and Bastola OR (1999) Plant Physiol 
120(2), 473-460 
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AOX (attamative 
oxidase - aoxl) 


alternative pathway to 
decrease the formation 
of reactive oxygen 
species (ROS) 


Overall: 
mitochondrium 


altered growth and 
metabolism under P- 
iimitation; impaired cell 
growth and decrease in 
efficiency of cartxin 
utilization 


p35S-s«nse-T7 

temninator; 
p35S-antlsense 
T7 terminator 


cultured 
tobacco cells 

(Nicotina 
tabacum L. 

cv. Petit 
Havana SR1) 


tobacco 
(Nicotiana 
tabacum L.) 


full-length 


Vanlerberghe GC et al. (1994) Plant Physiol 106. 
1503-1510: Vanlerberghe GC et al. (1997) Plant 
Physiol 113. 657-661; Parsons HL et al. (1999) Plant 
Physiol 121(4), 1309-1320 


67 


AOX (alternative 
oxidase) 


alternative pathway to 
decrease the formation 
of reactive oxygen 
species (ROS) 


Overall: 
mitochiondrium 


cells with a significantly 
higher level of ROS 


p35S-antisense 

T7 terminator 


cultured (ASS) 
tobacco cells 
(NicoUna 
tabacum L. 
cv. Petit 
Havana SRI) 


(Nkx>tiana 
tabacum L.) 


full-length 


Maxwell OP et al. (1999) Proc Natl Acad Sci USA 
96(14), 8271-8276 
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APX (ascorbate 
peroxidase) or 
CAT (catalase) 


reactive oxtgen 
intermediates (ROI)- 
detoxifying enzymes 


upon ozon 
induction 


increased susceptibility to 
ozon injury; hyperresponsive 
to pathogen attack 


p f\in pDJ 1^1 
verctor)- 
antlsense APX- 

;p35S- 
antlsense CAT- 


tobacco 
{Nicotiana 
tabaccum L.) 


tot}acco 
(Nicotiana 
tatieccum L. 
cv. Xantht) 


fragment 
(338bp: 
45% from 
fulMength 


On^ar BL and Ellis BE (1997) Plant J 11(6), 1297- 
1305; Mtttleret al. (1999) Proc Natl Acad Sd USA 
96(24), 14165-14170 


69 


ARC1 


tmpticated in the self- 
incompatibility 
response 


stigma 


partial breakdown of self- 
incompatibility; decrease in 
transcript levels 


pSLRI (target to 
the stigma)- 
antlsense- 


Brassica 
napus W1 


napua 


fulMength 


Stone SL et al. (1999) Sdence 286(5445). 1729-31 


70 


t)eta-glucanas6 


glucan degradation 




reduced enzyme. mRfJA 


sense gene 


tobacco 






Van Montagu lab 
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Bcp1 


gene required for male 
fertility 


active in both 
diploid tapetum 
and haplotd 
microspores 


mala infertility: failure to 
produce elongated siilques 
and seeds (16 out of 42 
primary transformants) 


pBcpl- 
antisense-; 

pLAT52- 
antl sense-; 
p35S-anUsense 

nps tsrminatPiL 


Arabidopsis 
thaliana L. 


Aral!)idopsis 
thaliana L. 


coding 
region 
(SOObp); 


Xu H et al. (1995) Proc Natl Acad Sd USA 92(6), 
2106-21 10: Luo H et al. (2000) Plant J 23(3), 423- 
430 


72 


BIP (lumen binding 
protein; BLP4- 
isoform) 


role in the transport 
and secretion of 


tissues with high 

rates of cell 
division, secretory 
tissues 


not successful: deleterious 
for cell viability 


p35S-anttsense 
nos terminator 


totiacco 
{Nicoliana 
tabaccum L.) 
and BY2 cell 

cultures 


tobacco 
(NicoUana 
tabaccum L.) 


? 


Lebcrgne-Castel N et al. (1999) Plant Cell 11(3). 459 
469 
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OsBRH (a putative 
brassinosteroid 
receptor Idnase • 


Brassinosteroid 
perception 


vegetative shoot 
apices 


dwarfism 


p35S-antisense 
nos terminator 


Oryza sativa 


Oryza sativa 
cv, 

Nipponbare 


fulMength 


Yamamuro C et al. (2000) Plant Cell 12(9). 1591- 
1606 
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BSH (SNF5- type 
protein} 


a component of an At 
SWI/SNF-coplex: 
SNF5-tvoe protein 


ubiquitous 


bushy growth and seedless 
flowers 


p35S-ant)sense 


A/Bb/tfpps/s 
thaliana L. 


Aratjidopsis 
thaliana L. 


fulMength 


BrzeskI J et al. (1999) Nudeic acid res 27(1 1), 2393- 
2399 
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2CP (2-cysteine 
peroxiredoxin) 


role in plant deferise 
mechanisms (anti- 
oxidant network of 
chloroplasts) 


leaf (:cNroplasts) 


enhanced activity and 
expression of enzymer 
associated with ascorbate 
metabolism 


p35S-antisensa 


Arabidopsis 
thaliana L. 


barley 


cDMA- 
fragment 
(full 
coding 
region) 


BaierMand Dietz KJ (1999) Plant Physiol 119. 1407- 
1417; Baler M et al. (20O0) Plant Physiol 124(2). 823- 
632 
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4CL (4-coumarate; 
coenzyme A lipase 
D43773) 


lignin biosynthesis 


overall? 


brown coloration of the cell 
walls of xylem tissue: chartge 
in lignin composition 


pSSS-sonse or 
antisense-tnos 


tobacco 
(Nicottana 
tabaccum L.) 


tobacco 
(Nicotiana 
tabaccum L.) 


near full- 
length 
cONA (full 
coding 
region; 

1855bp) 


Kajita S et al. (1996) Plant Cell Physiol 37(7). 957- 
965: Kajita S et al. (1997) Plant Physiol 114. 871-879 


77 


4CL (4-ooum3rate: 
coenzyme A 
t»gase) 


llgntn biosynthesis 


higWy expressed 
In txjJting stems 
(major site for 
lignin deposition) 


deciBase in the 
Guaiacyt/syringyl ratio: 
change in lignin composition 


p35S-antisen8e 

nos terminator 
pPc4CL (parsley 
4CJ1 promoters] 

antlsens»-nos 
terminator 


Arabidopsis 
thaliana L. 


Arai^dop^s 
thaliana L. 


1.6/1.9 kb 

4CL- 
fragment 


Lee D et al. (1997) Plant Cell 9(1 1), 1985-1998 


78 


R4CL1 (4- 

coumarate:cxienzy 
me A ligase) 


lignin biosynthesis 


woody tissues 
(xylem) 


45% reduction in lignin and 
15% increase in cellulose: 
enhanced growth 


p35S(doubIe 
enhancer)- 
antlsensa- 


aspen 
(Populus 
tremukjides 
Mlchx.) 


aspen 
{Populus 
tremutoides 
Mlchx.) 


cDNA- 
fragment 
(full 
coding 


Hu WJ et al. (1999) Nat Biotechnol 17(8). 808^12; 
Sederoff R. (1999) Nat Biotechnol 17{8), 750-751 
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C40.4 


role In photosynthesis 


leaves stem and 
flowers 


stunted growth and 
decreased tutier yield 


p35S-antisensfr 
ocs terminator 


potato 
(Sofanum 
tuberosum cv 
andiqena) 


potato 
{Solanum 
tuberosum ) 


fragment 
(586bp) 


Monte E et al. (1999) Plant J 19(4). 399-410 


80 


C4H (cinnamic 
acid A-hydroxylase] 


trans-dnrtamic add 
biosynthesis = 
influence on PAL 
activity by feedback 
modulation) 


leaves and stems 


reduced PAL activity and 
reduced levels of 
phenylpropanoid compounds 


p355-sense or 
antisens»-fK>s 
terminator 


tobacco 
{Nkxaiana 
tabacum L. 
cv. Xanthi) 


alfalfa-C4H 
(Medicago 


complete 
CDMA 


Sewalt VJH et al. (1997) Plant Physkil 115. 41-50; 
Blount JW et al. (2000) Plant Physiol 122(1). 107-1 16 


81 


CAD (cinnamyl- 

alcohol 
dehydrogenase) 


lignin biosynthesis 


all tissues (cell 
wall composition) 


55 to 20 % reduction of CAD 

activity, no difference In 
lignin content, altered lignin 

composition, some 
transformants show brownish 
crioration 


p35S- 

(pGAH binary 
vector) 


tot>acco 

tabacum L. 
cv. Xanthine) 


Aralla cordata 


cDNA 
fragment 
(full 

region 
1267bp: 
70% 
homoloov) 


931; 


82 


CAD (ctnnamyl- 

alcohol 
dehydrogenase) 


lignin biosynthesis 


all tissues (cell 
wall composition) 


altered lignin composition 
and red coloration of the 
xylem 


p35S-sense or 
antisensa-T7 

temninator 


poplar 
{Poputus 
tmmufa * 
Populus alba ) 


poplar (Pt'Pd) 


cDNA full 
length 
(1.4bp) 


Higuchi et al. (1994) J Bkitechnol 37. 151-158; 
Baucher M et at. (1996) Plant Physiol 112, 1479- 
1490 


83 


CAD {dnnamyl- 

alcohol 
dehydrogenase) 


lignin biosynthesis 


all tissues (cell 
wall composition) 


altered lignin composition 
and red coloration of the 
stem 


p35S-antisens» 
T7 terminator or 
nos ter 


alfalfa 
(Medtoago 
saOva L.) 


alfalfa 
{Medlcago 
sativa L.) 


3 different 

CAD 
fragments 

(0.4kb: 
1.Skb and 

Ikb) 


Hatpin C et al. (1994) Plant J 6(3), 339-350; Baucher 
M et al. (1999) Plant Md Bid 39(3). 437-447 


84 


CAD (cinnamyl- 

alcohol 
dehydrogenase; 
EC 1.1.1.195) and 
CCR 


lignin monomer 
biosynthetic pathway 


CAD Is expressed 
in both lignified 
and unlignified 
tissues/cells 


altered lignin composition 


p35S-antlsense 
nos terminator 


tobacco 
[Nicotiana 
tabaccum L.) 


tobacco 
{Nicotiana 
tabaccum L.) 


ikbfor 
CAD and 
1.3kb for 
CCR 


Ralph J et at. (1998) Proc Matt Acad Sd USA 95<22), 
12603-12608 


85 


CAOMT (caffeic 
acid O-methyl 
transferase) 


lignin biosynthesis 


xylem? 


either mottled or complete 
red-brown coloration in 
woody stems 


double p35S- 
sense- 
(cosuppression) 


quaking 
aspen 
[Populus 
tremutoides 
Michx.) 


quaking aspen 
(Populus 
tremuloides 
Michx.) 


fuIWength 


Tsal CP et aL (1998) Plant Phystol 117(1). 101-1 12 


86 


CAT-1 (primary 
leaf catalase) 


H202 detoxification: 
H202 scavenging 
enzyme 


predominantely in 
leaves 


significant increase in C02 
compensation point 
(decreased 

photorespiration?) at higher 
temperatures (35"C) 


p35S-8ense or 
antisense-; 


tobacco 
{Nicotiana 
taiiacum L.) 


tobacco 
(Nicotiana 
tabacum L.); 
Nicotiana 
s^vestris; 
Gossypium 
hlrsutum L 


fragments 
or full- 
length 
(see 
artide 
p262) 


Brisson LF et al. (1998) Plant Physid 116, 259-269 
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Cati and/or Cat2 
(pJant catalases) 


role In salicylic acid 

einnalltivi- I-I7r^7 

detoxification 


predominantely in 
leaves (Catl in 
the palysade 
parenchyma cells 
and Cat2 in the 
phloem) 


high light conditions: 
induction of pathogenesis 
related expression without 
pathogenic challenge: severe 
leaf dammaga 


p35S-cat2 
anttsense-ocs 

terminator; 
p35S(double)- 
sense or 
antisense- 
3*rbcS and p35S 
sens«-3'rtx:S 


tobacco 
{Nicotiana 
tabacum L. 

cv. Petit 
Havana SRl) 


Nicotiana 
plumbaginift^l 
a L. and 
cotton 
(Gossypium 
hlrsutum L.) 


fragments 
: catl- 

cat2- 
1070bp;? 


Chamnongpo) S et al. (1996) Plant J 10(3), 491-503; 
Willekens H et al. (1997) EMBO J 16, 4806-4816: 
v^narnnongpoi o ci at. "roc nan Acaa oci 
USA 95. 5818-5823; Mittler et al. (1995) Proc Natl 
Acad Sd USA 96(24), 14165-14170 -> see APX! 
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Cat1 and/or Cat2 
(plant catalases) 


H202 detoxification; 
role in pathogen 
defense 




reduction in catalase activity 
and activation of plant 
defenses; high (>90%) 

catalase reduction: chlorosis 
or necrosis 


p35S-antisense 
nos terminator 


tobacco 
{Nicotiana 
tabacum L.) 


tobacco 
(Nicotiana 
tabacum L.) 


fragments 
but with 
full ORF 


Takahashi H et al. (1997) Plant J 1 1(5). 993-1005 


89 


Catalase 


H202 detoxification 


? 


constitutive expression of PR 
1 genes 


7-antisanse- 


tobacco 
{Nicotiana 
tabacum L.) 


tobacco 
(Nicotiana 
tabacum L.) 


? 


Chen ZX et at. (1995) Proc Natl Acad Sd USA 
92(10). 4134-4137 


90 


StCbL 
(cystathionine beta 
lyase: EC 4.4.1.8)) 


Methionine 
biosynthesis 


vegetative tissue 


reduction in Methionine 
levels bushy growth habit, 
small light green leaves and 
small tubers 


p35S-antisanse- 
ocs terminator 


potato 
{Sotanum 
tuberosum ) 


potato 
(St^anum 
tuberosum) 


full-length' 
cDNA 
done 
(1.6kb) 


Maimann et al (2000) Plant J. 23, 747-758 
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CCA1 


phytochrome signal 
transduction pathway 


? 


reduced phytochrome 
induction of the endogenous 
Lhcb1*3 qene 


p35S-antis«ns» 
(pBI121- 
Clontech) 


Arabidopsis 
thaliana L. cv. 
Columbia 


Arabidopsis 
thaliana L. 


fragments 
??? 


Wang ZY et at. (1997) Plant Cell 9(4). 491-507 
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CC0AOMTI or 

9(Caffeoyl-CoA O- 
methyltransf erase) 
or CAOMT or 
CC0AOMT9 + 
CAOMT 


lignin biosynthesis 


in all lig'nifying 
cells 


decrease in lignin content 
and alteration in lignin 
composition 


p35S-antisense 
nos terminator 


totiacco 
{NicoUana 
tabacum L.) 


totiacco 
(Nicotiana 
tabacum L.) 


full-length' 
of isolated 
CDMA (?) 


Zhong R et at. (1998) Plant Cell 10(12), 2033-2046 


93 


CCoAOMT 

(Caffeoyl-CoA O- 
m ethyltransf erase ) 


iignin biosynthesis 


in all lignifying 
cells 


significant decrease in total 
lignin content; wood 
coloration 


p35S-antisense 
;pBi121- 
Clontech 


woody poplar 
{Populus 
tremula * 

Populus alba ) 


woody poplar 
(l^opulus 
tremuia ' 

Populus alba ) 


full-tength' 
of isolated 
cONA (?) 


Zhong R et al. (2000) Plant Physiol 124(2), 563-578 


94 


CCR (cinnamoyl- 
CoA reductase: EC 
1.2.1.44) 


lignin monomer 
biosynthetic pathway 


? 


altered lignin composition 


pSSS-anttsensa 
nos terminator 
or p35S>double 

enhancer- 
antisens»-35S 
terrminator 


tobacco 
(Nicotiana 
tabacum L.) 


tobacco 
{Nicotiana 
tabacum L) 


full- 
length(35 
S-Tnos or 
35SDE- 
T35S)or 
fragment( 
35SDE- 
T35S) 


Plquemal J et al. (1998) Plant J 13(1), 71-83; Ralph J 
et al. (1998) Proc Natl Acad Sd USA 95(22), 12803- 
12808 
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CDPK (a protein 
kinase} 


required for 
germination and poller 
tube growth 


late stage of 

pollen 
development) 


impaired in-vHro germinatton 
and pollen tube growth 


anttsense 
ologonudeotide 
8 (24bp-ONA) 
farxJ sense?) 


Zea mays L 


Zea mays L 


small 
24bp 
fragments 


Estmch JJ et al. (1994) Proc Natl Acad Sd USA 
91(19). BS37-6841 


96 


Cell (endo-1.4- 
beta-glucanase) 


flower abscission 


increased mRNA 
abundance in 
abscision zone 


partial reduction In flower 
atiscission 


p?-antisense- 


tomato 
(Lycopefsicon 
esctrientuin 
Mill ) 


tomato 
(Lycopersicon 
esculentum 
MilM 


m 


f^n7a\tV7J\rt<r^ P At at /IQO?^ Plant PhuclrJ 4-tAfA\ 

1541-1546 = Lashbrook CC et al. Unpublished data 


97 


Cel2 {erxJo-1.4- 
beta-glucanase : 
cellulase) 


contributes to cell wall 

disassembly in cell 
separation during fruit 
abscission 


increased mRNA 
abundarK» during 
fruit ripening and 

in abscising 
flower atjsdslon 
zones 


delay in fruit abscision'^ 


p35S-antis«nse 
nos terminator 


tomato 
{Lycopersicon 
esculentum 
Mill. cv. T5) 


tomato 
{Lycopersicon 
esculentum 
Mill.) 


tmncated 

cONA 
fragment 
^witn luH- 
iength 
coding 
region) 


Bmmmell DA et al. (1999) Plant Mol BkX (1999) 
40(4). 615-622 
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cen-like protein 5 


Repressor of flowering 


young vegetative 
tissue 


stunted gmwth, eariy 
flowerinq 


anti-sense 








Bradley et aJ unpublished ; Genbank gi:5453319 
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CGS (cystathionine 
gamma-synthasa) 


role in methionine 
synthesis 


? 


severe growth retardation 
and morphological 
abnormalities, from 
— Qerminatinn tn finwedna 


antisense 


Arabidipsis 
thaliana 


Ambidipsls 
thaliana 




Gakiere B et al. (2(»0) C R Acad Sd III 323(10), 841 
851 
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chs A 


Pigment biosynthesis 


flowers. leaves of 
stressed plants 


inhibititMi of flower 
pigmentation 


p35S-anti sense 
nos terminator 


petunia 
(Petunia 
hybfkla L.) 
and tobacco 
(Nicotiana 
tabacum L. 
cv. SRI) 


petunia 
{Petunia 
hytirida L. cv. 
VR) 


3*half of 
chs 


van der ICrol et al (1968) Nature 333, 866-869 ; van 
der Krol et al (1990) Md. Gen. Genet. 220. 204-212; 
van der Kroi et al (1990) Plant Md Bid 14(4).457- 
466 
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chs 


Pigment bios^thesis 


flowers 


reduced floral pigmentation 


p35S-sense-, 
p35S-antisensfr 
, p-less sense 


petunia 
(Petunia 
hybfida L.) 


petunia 
{Petunia 
hybrida L.) 


different 
genomic 
constructs 


van der Krol el al (1990) Plant Cell 2, 291-299 
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chs 


Chalcon synthase 
(anttwcyantn and 
flavonoid syntliesis) 


flowers 


loss of flower pigmentation 


p35S-sense, 
p35S-a.s. 


petunia 






Napoli et al (1990) Plant Celt 2. 279-289; Jorgensen 
et al (1996) PMB 31(5), 957-973; Que et al. (1997) 
Plant Cell 9, 1357-1368 ; Que et al (1998) Plant 
Journal 13, 401^09; Stam M et al. (2000) Plant 
Journal 21f1V 27-42 
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chs 


Pigment biosynthesis 
and gametof^hyte 
development 


anthers 


loss of anther pigmentation 
and male sterility 


anther speciftc 
promoter - 
antisense 


petunia 






van der Meer et al. (1992) Plant Cell 4(3) 253-262 
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chs 


pigment biosynthesis 


flowers, leaves of 
stressed plants 


reduced mRNA: silencing 
impaired by hogi and dd!mf 
mutations! 


pCHS-sense- 
tCHS 


thaliana L. 
Landst>erg 
erecfa 


Aratxlopsis 
thaliana L. cv 
Columbia 


3,9 kb of 
genomic 
sequence 
with entire 
CHS gene 


Da vies et al (1997) Plant journal 12. 791-804; Fumer 
et al (1998) Genetics 149, 651-662 
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chs 


pigment biosynthesis 


flower petals, 3- 

fold tower 
expression in leaf 

tissue... 


reduced mRNA, white or 
pale-pink flowers, stability is 
discussed 


p35S/Cab L- 
sense or 
antisense-tnos 

(PAGS802 
binary vector) 


Cfvysanthem 
um cultivar 
Moneymaker 


Chrysanthem 
um cultivar 
Debonair 


cONA (+A 
Ikbp) 


Courtney-Gutterson et al. (1994) Biotechnology 
12(3), 268-271 
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chs IV 


pigment biosynthesis 


stems 


ftavonoW-deficiency, 
reduced chs expression; 
(enhanced adventitious root 
formation?) 


p35S(duplidated 
)-ant]sensa-3' 
rbcS 


walnut 
{Jugians 
nigra 'Jugians 
ragla) 


walnut 


400bpof 
cONA 


El Euch C et al. (1998) Plant Mol Bid 38(3), 467-479 
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chs 17 


tannin biosynthesis 


? 


increased tannin 
accumulation and increased 
endoqerKJUS CHS mRNA 


p35S-antisen&e 
nos terminator 


Lotus 
conjicutQtus 
L. 


Phaseolus 
(CHS171 


full length 
cDNA 


Coltiver SP et al. (1997) Plant Md Bid 35(4), 509- 
522 
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class 1 chitinase 


chitin hydrolysation of 
fingal cell walls 


upon fungal 
infection 


slightly faster rate of disease 
(not significant!) reduced 
chitinase levels 


p35S-antlsense 
nos terminator 


Arabidipsis 
thaliana L. 


Arabidipsis 
thaliana L. 


full-length 
cDhJA 
(0.9 kb) 


Samac DA and Shah DM (1994) Plant Mol Biol 25(4). 
587-596 
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CHL H (Mg- 
chelatase subunit 
H) 


Intermediate in the 
chlorophyl synthesis: 

tetrapyrole 
biosynthesis pathway 


young leaves 
(chloroplasts) 


reduced growth rate and 
chloroF^yl deficiency 


p35S-antlsense 


tottacco 
(Nicotiana 
tabaccum L 
cv Samsun 
NN) 


fobacco 
(Nicotiana 
taliaccum L) 


partial 
cONA 
fragment 
(3.5kb/4.5 
kb) 


Papenbrock et al. (2000) Plant Physiol 122{4),1161- 
1169 
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CHL 1 (Mg- 
chelatase subunit 1) 


intermediate in the 
chlorophyl synthesis: 

tetrapyrole 
biosynthesis pathtwav 


young leaves 
(chloroplasts) 


reduced green pigmentation 


p35S-antisensa 


tobacco 
(Nicotiana 
tabaccum L.) 


tobacco 
(Nicotiana 
tabaccum L.) 


fulWength 
cONA 
(1.4kb) 


Papenbrock et al. (2000) Plant J 22(2), 155-164 
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C1P7 


positive regulator of 


elevated 
expression in light 
grown seedlings 
(COP1 and light 
regulated) 


defects in light dependant 
anthocyanin and chlorophyll 
accumulation 


p35S-antl sense 
nos terminator 


Arabidipsis 
thaiiana L. 


Arabidipsis 
thaliana L. 


C- 
terminal 
half of 
CIP7 
cDNA 


Yamamoto YY etal. (1998) Plant Cell 10(7), 1083- 
1094 
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AlhCK2A1 (CK2: 
caseine kinase II): 


involved in DNA 
replication and 
transcription 1 RNA 
processing and 
translatoton, cell 
metabolism, and 
motility of cells 


essential for 
sun/ival 


smaller adult leaf size and 
increased expression of chs 
in daiKness... 


p35S-antisens6 
CK2-alpha 
8ubunit-rtx:S 


Atatsidopsis 
thaliana L. cv. 
Wassitewskija 


Arabidopsis 
thaliana L. 


region 
(928bp) 


Lee Y et al. (1999) Plant Physiol 119(3), 989-1000 
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agamous (ag) and 
clavata 3 and 
apetala 1 and 
perianthia 


floral identity genes 


flowers 


flower aberration 


dsRNAI = pass- 
sense + GUS- 
loop + 
antlsense- 


arabidopsis 
{Afabidopsis 
thaliana L.) 


arabidopsis 
{Arabidopsis 
thaliana L.) 


fragments 


Chuang and Meyerowitz (2000) Proc. Natl. Acad. Sd. 
97(9), 4985-4990 
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COMT (caffeic acid 
O-methy) 
transferase) 


lignin biosynthesis 


xylem(?) 


larger xylem cells; decreased 
enzyme activity: reduction in 
lignin content(42 to 85%) 


p35S/tobacco 
etch vinjs UTR- 
antlsanse- t35S 


tobacco 
{Nicotiana 
tabaccum L. 
cv. Xanthi) 


alfalfa 
(Medicago 
sativa L.); 

lucem? 


cDNA 
fragment 
(430bp) 


Ni W et al. (1994) Transgenic Res 3, 120-126 
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COMT (caffeic add 
O-methy) 
transferase) 


lignln biosynthesis 


woody tissues 


subtantial reductton (17%) of 
lignin levels in 6-monthSK}ld 
trees 


p35S(double) - 
»ense-35S ter 
(co-supression) 


poplar 
{Poputus 
tremula * 
Poputus alba ) 


poplar 
{Populus 

deltoides * 
Poputus 

trichocaroa ) 


1.3kb 
cDNA (full 
length 
coding 


Jouanin L et al. (2000) Plant Physiol 123(4), 1363- 
1374 


116 


COMT or CAD or 
COMT+CAD 

(idouble antisese 
transformation) 


lignin biosynthesis 


woody tissues 


red coloration mainly In the 
outer xylem; changed lignin 
compositkins 


p35S-antisense 
or sense-T7; p? 
CAD sense-? 


poplar 
{Populus 
tremula * 
Populus alba) 


poplar 
(Populus 
trichocarpa * 
Populus 
deltoides) 


cDNA- 
fragments 

: 0.6kb 
and 0.9kb 
and 1.5kb 


Van Doorselaare J et al. (1995) 8(6), 855-864; 
Lapierre C et al. (1999) Plant Physio) 119(1), 153- 
164 





A 


B 


C 


D 


E 


F 


G 


H 


1 
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CP29 or CP26 

(chlorophyt a/b 
binding proteins) 


role in light harvesting 
and energy dissipation 

within the 
photosynthetic 

apparatus 


green tissues 


remarkably low amounts of 

target proteins: removal 
affected the photosystem 11 

functkm: overall 
photosyntetic rates remained 
similar to wt 


p35S-antis«ns« 
t? 


aratHdopsis 
(Arabidopsis 
thafiana L. cv 
Columbia) 


arabidopsis 
(AratMopsis 
thaliana L) 


cIMvlA- 
fragments 
:?kbfor 
CP29 and 
7kbfor 
CP26 


Andersson J et al. (2O01) The Plant C^I 130. 1193- 
1204 


lie 


CPO 

(coproporphyrinoge 
n oxidase; X82631 


plastld/nudeus 
signalling? 


CPO is 
exdustvely 
located In stroma 
of plastids 


reduced gene activityt growd 
retardation and necrosis 
(oxidative leaf damage) 


pSSS-antisense 
ocs terminator 


tot>acco 
(Wfcotfana 
tebaccum L.) 


tobacco 
(Nlcotana 
tabeccum L.) 


a 1191 bp 

sequence 

ffull- 
length') 


iCnise E et al. (1995) EMBO J 14(15). 3712-3720; 
Mock H_P et al. (1999) J Bk}l Chem 274(7). 4231- 
4238 (see UROO) 
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mCS 

(mitochondrial 
cytrate synthase) 


first enzyme in the 
thcartioxylic acid 
(TCA) cyde 


ail tissues 


reductkjn (6% to <30% from 
WT) of dtrate synthase 
activity; spedfic 
disintegration of the ovary 
tissue of flowers (= flower 
abortion! 


p35&4nttsensfl 
ocs terminator 


potato 
(So/anum 
tuberosum) 


potato 
(Sofanum 
tuberosum ) 


1.9kb 

cDNA 


Landschutze V et al. (1995) EMBO Joumal 14(4). 
660-666 
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cysl (O- 

acetylserlne (thiol) 
tyase) - EC4.2.99.8 


cysteine biosynthesis 


roots and green 
tissue (wheat), 
leaves (other 
plants) 


no effect in totiacco plants 


p35S-antisanse 


tobacco 
{Nicotiana 
tabeccum L.) 


wheat 
(Tfitfcum 
aesUvum L. cv 
April Bearded) 


1.27kb 
cONA 
fragment 


Youssefian S et al. (1993) Plant J 4(5), 759-769 
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DAHP synthase (3 

deoxy-0-arefiwK>- 
heptuiosanate-?- 

phosphate 
synthase): shkA 
gene 


first enzyme in the 
shikimate pathway 


wound indudble 


reduced stem length, stem 
diameter, ar>d reduced stem 
lignification: (no co- 
suppression detected...) 


p3SS-antIsense 
rbcS 


potato 
{Sofanum 
tuberosum L.| 


potato 
(Solanum 
tuberosum L.) 


gerxxnic 
part of the 

gene 
(exon + 

parts): 
BOObp 


Jones JD et al. (1995) Plant Physiol 108. 1413-1421 
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O-enzyma (4-alpha 
glucanotransferase 
, disproportionating 
enzyme, EC 
2.4.1.25) 


rofe in potato starch 
metabdism: 
production of 
cydoamylose 


leaves, stems. 

roots and stolons; 
increase of 

mRNA in leaves 
upon light 
treatement* 


reduction of astivity for sense 
and antisense transgenes; 
slow plant growth 


ppatatirv 
antisense or 
sense-f>os 
terminator; 

antisense-nos 

Leimmalof . 


potato 
(Sotanum 


potato 
(Solanum 
tuberosum L.) 


2.1 kb 
cDNA 
fragment 


Takaha T at al. (1998) Plants 205(3), 445-451 
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delta 12 or delta 
15 desaturases 


role in saturation of 
CI 6 fatty adds 


?? 


modified fatty add contents 
in seeds 


pAT2S2 (seed 

spedftc)- 
antisense- ; 
pAT2S2-sense- 


arabidopsis 
{Arabidopsis 
thatiana L.) 


delta 12: 
Arabidopsis 
thatiana L.: 
delta 15: 
rapeseed 




Cartea ME et al. (1998) Plant Sdence 136(2), 181- 
192 
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omega-3 fatty add 
desaturase 
(FAD7) 


synthesis of trienoic 
fatty acids 


in chloroplasts 


tower trienoic fatty acid 

contents; twtter 
acclimatation to higher 
tsmoeratures 


p35S-sens« 


tobacco 
(Nicotiana 
tebaccum L.) 






Kodama et al (submitted EMBO 1997) ; Murakami Y. 
et al. (2000) Sdence 287(5452), 476-479(5ee 
FAD7...) 
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omega-3 fatty acid 
desaturase 

(pfastidat) 


synthesis of trienoic 
fatty acids 


upon wounding 


marited reduction of 
transcript; up to 60% 

reduction of trienoic acids; 

reduction of reacUon upon 
woundinc} 


p??-antlsense- 


potato 
(Sotanum 
tuberosum L.) 


potato 
{S<Janum 
tuberosum L.) 




Martin M et al. (1999) Eur J Biochem 262(2). 283- 
290 


126 


DFR (A1 gene} 


Pigment biosynthesis 


flowers 


reduced floral pigmentation 


p35S-sense< 
35S terminator 


petunia 
(Petunia 
hybrida L.) 


maize (Zea 
mays) 


fulHength 
cDNA 
1320bp 

type2A1 
gene 


Meyer P et al. (1987) Nature 330. 677-678 
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□PR (see CI-IS) 


PiQfTi&nt biosynthosts 




reduced floral pigmentation 


p35S-sense-nos 
temninator 


petunia 


petunia 


cONA 
fragment 
of 1.3kb 


van der Krot et al (1990) Plant Cell 2, 291-299 
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DFR 


condensed tannins 
condensation 


overall 


reduction of tannins in leaf, 
stem and root tissue (not 
very dear) 


p?-sense-; 
pSSS-antlsense 
nos terminator 


Lotus 
comiculatus 
L. 


Antirrhinum 
majus L. 


full-length 
cDNA 

different 
cDNA 
fragments 
:0.5-1- 
0.9lfh 


Carron TH et al, (1994) Ttieor Appl Genet 87. 1006- 
1015; Bavage AO et al. (1997) Plant Mot Biol 35(4). 
443-458; RobtJins at al. (1998) Plant Physiol 116(3), 
1133-1144 
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Dofi 


transcription factors 
unique to plants 


? 


reduction of spedfic genes 
targeted by dof 1 


P35SC4PPDK- 
antisense-nos 
terminator 


Maize leaf- 
protoplasts 


maize (Zea 
mays) 


cDNA 
fragment 
(?kb) 


Yanigasawa S (2000) Rant J 21(3}, 281-288 
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D0H1 (homeobox 
gene) 


key role in maintaining 
the basic plant 
architecture 


meristem-fich 
tissues 


multiple shoot apical 
meristem formation and 
early flowering 


p35S-antjsense 


(DendrotMum 
Madame 
Thona-in) 


(Dendrotxum 
Madame 
Thona-tn) 


entire 
cDNA 
(1.4kb) 


Yu H at al. (2000) Plant Ceil 12(11), 2143-2160 
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E6 


Function is not yet 
knovm... 


fiber specific 


reduced E6 protein levels (60 
to 98%) 


pE6-antIsense- 
nos terminator: 
p35S-antisense 


cotton sp. 
(Gossypium 

and G. 
bart>asense 
L! 


cotton sp. 
(Gossypium 
hirsutum L.) 


entire (?) 
cONA (+/- 
0.8kb) 


John ME (1996) Plant Mo) Bid 30(2), 297-306 
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E8 (a dtoxygenase; 
XI 3437) 


negatice effect on 
ethylene production 
(enzyme related to 
ACC oxydase) 


fruit specific: 
transcriptionally 
activated at the 
onset of ripening 


reduced EB protein level 
during faiit ripening and 
increase in ethylene 
evolution specifically during 
ripening of detached fruit 


p35S-antisense 


tomato 
[/.ycopersicon 
esculentum 
Mill.) 


tomato 
(Lycopersicon 
esculentum 
Mill.) 


full-iength 
cONA 
(3kb) 


Pefiarrubia L et al. (1992) Plant Cell 4(6), 681-687 
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EG (endo-beta-1.4- 
glucanase; cell ) 


specific deavage of 

beta-1,4-glucosyt 
linkages of xytoglucan 


late stage in 
ripening fruit 


strong down regulation of 
cell transcripts with a higher 

proportion of sense 
transformants that showed 

down regulation; no 
statistical difference in fruit 
firmness and EG activity 
twtween transformatns and 
wild type plants 


p35S-ant]sanse 
or sense-tnos 


strawberry 
(Fragaria x 
ananassa 
Duch. cv. 
Brighton) 


strawtterry 
(Fragaria x 
ananassa 

Duch. cv. 

Calypso) 


fulHength 

cDNA 
(1,T79kb) 


Lindsay C et al. (2001) Planta 214, 1 1-21 
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BnF5H1-3 
(putative ferulate-5 
hydrolase) 


Stnapine biosyntheis 


maximal 
expression in 
stems and 
minimal in seeds 


sinapine reducion (to 40%) in 
seeds; no detectable effed 
on the transcriptkm levels 


p35S- 
antls«ns»-nos 
temninator; 
pnapin- 
antlsense-nos 

terminator, 
pnapirhsense- 
nos terminator 


Brassica 
napus 


Brassica 
napus 


cDNA 
fragment 
of 1.8kb 
lakking 
poly A 
region 


Nair RB el al. (2000) Plant Physiol 123(4), 1623-1634 





A 


B 


c 


D 


E 


F 


G 


H 


1 




NtFAD3 {omega-3 
fatty acid 
desaturase; 
D26509) 


Uosynthesis of 
linolenlc add (18:3) 


enzyme located ii 
microsomes and 
plastM 
membrar^es 


^ up to 30% reductton in 
NtFad3 mRNA; decrease of 
up to 80% in 16:3 lipids 


p35S-antis«nsc 
tnos (pBI121 
trinary vector) 


tobacco 
iNicoUana 
tabacum L.) 


tobacco 
(Nicotiana 
tabacum L) 


cDNA 
fragment 
of CSkb 

TflanMng 
region* part 


Hamada T et al. (1996) Transgenic Res. 5(2), 1 15- 
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AtFATBI (acyl- 
acyl carrier protein 
UiioesteraseBI) 


contribution to 
palmitate (16:0) 
production 


flowers and seedi 


reduced content of palmitate 
In flowers and seeds 


p35S-antis«nse 


AfBbidipsis 
thaliana L. 


Arabidipsis 
thaliana L 


cONA 
coding 
region 
f7kb) 


Dflrmann P et al. (2000) Plant Physiol 123(2), 637- 
644 
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fbpl {MADS-box 

gene) - floral 
binding protein 1 


control of floral 
development 


only expressed in 

petals and 
stamen (dass B) 


flower aberration 


p35S/ADH 
Intron-sense- 
tnos (pBIN19 
vector) 


petunia 
(Petunia 
hybfkla - 
W1 15 variety 


petunia 
hybrida) 


full-length 
fbpl 
cONA 
(780bp) 


Angenent et al. (1993) Plant Joomal 4(1), 101-112 
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cFBPase (cytoso(i< 

fructose- 1 ,6- 
biphosphatase) or 
SPS (sucrose 
phosphate 
synthase) 


photosynthetic cartx)n 
methabolism 


leaves 


inNbiton of sucrose 
synthesis and starch 
accumulation for AS 
cFBPase and no starch 
accumulation for AS SPS 


p35S-antisense 
tnos 


Arebidipsis 
thaliana L. 


Arabidipsis 
thaliana L. 


cFBPase: 
full length' 

lOeObp; 
SPS: 

1810bp- 
partial 
clone 


Strand et al. (2000) Plant J 23(6), 759-770 
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FBPase (cytosolic] 


regulation on the rate 
of sucrose synthesis 




limitation in sucrose 
biosynthesis 


p35S-antlsensa 
toes 


potato 
(Solanum 
tuberosum cv 

Dfelr6el 


potato 
(Solanum 
tuberosum cv 

Msir6e) 


1487bp 

cONA 


Zrenner et al. (1996) Plant Journal 9(5), 671-681 


140 


StGA20ox1 


Synthesis of giberelltns 
(GA): role in the 
controf of stem 
elongation and tuber 
induction 


leaves (regulated 
by daylight) 


shorter stems, decreased 
length of the intemodes and 
eariler tuberizatlon (6/35 
primary transformants) 


p35S-antisense 
toes 


potato 
(Sofaoum 
tuberosum 

ssp. 
andigena ) 


potato 
{S(^anum 
tuberosum) 


420bp 5' 

cDNA 
regiwi 


Carrera E et at. (2000) Plant J 22(3), 247-256 
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AtGA20ox1,2 and 
3 


GA-biosynthesis 


diferential 
expression of the 
3 genes 


GA20ox1: short hypocotyts 
and reduced rates of stem 

elongation; GA20ox2: 
influence on stem growth (1 
transformant); GA20ox3: 
short hypocotyls (1 
transformant) 


p35S(double)- 
antisens«-tml 

end(?) 


Arabklipsis 
thaliana L. 


Arabidipsis 
thaliana L. 


cDNAs: 

oxi: 
1.3bp 

ox2: 
1.4bp 

ox 3: 
1.4bp 


Coles JP et al. (1999) Plant J 17(5), 547-556 
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GAPDH 

(chloroplasl loc 
GADPH-A 
subuinit 


reduction of PGA to 
triose phosphate - key 
step to photosynthe^s 


thylacoids 


reduced GAPDH activity (1 1 
to 24% of WT) 


p7-antisense- 


tobacco 






Price GD et al. (1995) Planta 195(3), 369-378 
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GBSS {Waxy 
protein from 
Cassava) 


granule-txnjnd starch 
sunthase (low copy nr.) 
= starch synthesis 


tuber 


copmtete inhibition of 
endogenous gene = absence 
of G8SS protein ••■ amylose 

famvlose-free ootato) 


pGBSS- 
S'antlsense-t-3'5 
anse-tnos 


potato 
tuberosum L.] 


cassava 
(Manihot 
esculenta 
Crantz.l 


full •length 

cDNA 
(5':1.5kb; 
3':0.6kbl 


Salehuzzaman et al. (1993) Plant Mol Biol 23(5), 947 
962 
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GBSS (granule- 
bound starch 
synthase; EC 
24.1.21^ 


starch biosynthesis 


tuber 


tubers containing amylose- 
free starch 


PSSS-antlsense 
tnos 


potato 

(■Sotanum 
tuberosum L.) 


potato 
tuberosum L.) 


full -length 
(2.3kb] 


Vtsser RGF et al. (1991) Mol Gen Genet 225, 289- 
296; Kuipers AGJ et af. (1994) Plant Cell 6, 43-52 
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GBSS 


starch biosynthesis 


tuber 


tut>ers containing amylose- 
free starch 


P35S-antisense 
tnos; PGBSS- 
antisense-; 
p35S-sense- 
tnos 


potato 


potato. 


full length 
cDMA and 
genomic 
sequence 

8 


Kuipers AGJ et al. (1992) Euphytica 59. 83-91; 
Kuipers AGJ et al. (1994) Plant Md Bid 26{6), 1759- 

1773; Kuipers AGJ et al. (1995) Mol Gen Genet 
246(6), 745-755; Kull B et al. (1995) J Genet Breed 
49, 69-78; Wolters et al. (1998) Mol Breed 4, 343- 
358 
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GBSSI 


starch biosynthesis: 
catalysation of the 
production of amylose 


tuber 


production of amylose free 


p35S-sens«- 
;pGBSS-sense- 
p?-antl5ense- 


potato 
(Solanum 
tuberosum L.) 


potato 
(Sotanum 
tuberosum L.) 


cDNA and 
genomic 

s 


Flipso E et al. (1996) Plant Mol Biol 31. 731-739; 
Wolters and Visser (2000) Plant Mol Biol 43(2-3), 
377-386 
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wcKi \Dirunciionai 
3,5-epimerase-4- 
reductase) 


rote in L-fructose 
synthesis 


predominant 
expression in 
roots and flowers 


very significant reduction of 
enzyme activity: 


p35S-anti$snse 


Arabidipsis 
thaliana L. 


Arabidipsis 
thaliana L. 


full length 
cDNA(?) 


Bonin CP and ReiterWD (2000) Plant Journal 21(5), 
445-454 
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GF14-epsilon and 
p (a 14-3-3 protein) 


regulation of the starch 
a ccum ul ation 


leaves 
(chloroplast- 
starch granules) 


dramatic increse In starch 


p?-antiaen8e- 
(pBI121 vector 
from dontech) 


Arabidipsis 
thaliana L, 


Arabidipsis 
thaliana L. 


cDNA 
(???) 


Sehnke PC at al. (2001) Proc Natl Acad Sci USA 
98(2). 765-770 
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gigantea (Gl) 


phytochrome B 
signalling, flowering 
time 


vegetative tissue 


lata flowering 


SKO 


Arabidipsis 
thaliana L. 


Arabidipsis 
thaliana L. 


genomic 
sequence 
(8.6kb> 


Huq et al (2000) Proc Natl Acad Sd USA 97. 9789- 
9794 
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GLA (An isofonn of 
tobacco ciass-l 
beta- 1,3- 
glucanase) 


has an important role 
in pathogenesis 


upon pathogen en 
ethylen induction 
(?) 


reduced lesion size and 
number in virus-infected 
iocaMesion hosts 


p35S-antlsense 


tobacco 
(Nicotians 
tet>accum L) 
and Nicotiana 
sytvestris 


tobacco 
(Nicotiana 
tabaccum L.) 


coding 
region 
(581bp) 


Neuhaus JM et at. (1992) Plant Mol Biol 19(5), SOS- 
SIS; Beffa R and Meins F Jr (1996) Gene 179(1). 97- 
103; Beffa RS et al. (1993) PNAS USA 90, 8792- 
8796 
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GMPasd (GOP- 

mannosa 
pyrophosphatase) 


biosynthesis of cell- 
wall-biosynthesis 
precursors; synthesis 
of ascorbate 


ubiquitous with 
the highest 
expression in 
stems, sink 
leaves and small 
tubers 


when transferred into soil: 
dark spots on leaf veins and 
stems til) total senescence 
after 3 months in soil 


p35S-antisense 
toes 


potato 
(Solanum 
tuberosum ) 


potato 
(Solanum 
tuberosum ) 


cDNA 
done 
(1.5kb) 


Keller R et al. (1999) Plant J 19(2), 131-141 
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GN1 {beta-1.3- 
giucanas6)orCHN 


has an important role 

in pathogenesis; 
glucan degradation 


roots and flowers 
(without stress) 

and. pathogen or 
stress induced 


reduced mRNA 


p35S-sense- 


Nicotiana 
sytvestris 


Nicotiana 
tabacum 


GN1: 
coding 
region 

(581 bp); 

CHN:??? 


Holtorf H et al. (1999) Plant Cell 11(3). 471-481; 
Kunz C et al. (2001) Pianta 212, 243-249 
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GN1 (beta- 1,3- 
glucanase) 


has an important role 

in pathogenesis; 
glucan degradation 


stress induced 


suppressed mRNA 


p35S-sense- 
tgnl(l.35kb) 


Nicotiana 
tabacum L.cv 
SRI 


Nicotiana 
plumbaglnifoli 
a 


DNA 
fragment 
(3.3kb) 


de Caravalho F et al. (1992) EMBO J 11, 2595-2602; 
de Caravalho Niebel F et al. (1995) Plant Cell 7. 347- 
358 
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GnTI (^4-ace^yl 
gl ucosaminyltransf 
erase 1) 


role in complex glycan 
formation 


constitutive 


reduction in amount of 
protein 


p3SS-anttsanse 
ocs terminator 


potato 
(Solanum 
tuberosum ) 
and tobacco 
{Ntcouana 
tabacum) 


potato 
(Solanum 
tuberosum ) 
and tobacco 
(Ni^^ana 
tabacum ) 


complete 
cONA 
dones 

tobacco: 
1.72kb; 
potato: 
1.66kb 


Wenderoth 1 and Schaewen A (2000) Plant Physiol 
123(3). 1097-1108 
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GO (glycolata 
oxydase) 


an enzyme in the 
gtycolate pathway 


green tissues 


photo-bleeching of leaf 
colour and drastic growth 
inhibition 


P35S-sensa- 


tobacco 
(Nicadana 
tabaccum L. 
cvSRI) 


pumpkin 


full-length 
cONA 
(?kb) 


Yamaguchi K and Nlshtmura M (2000) Plant Cell 
Physiol 41(12). 1397-1406 





A 


B 


c 


D 


E 


F 


G 


H 


1 




GRCD1 (AGL2-lik( 
MADS box gene: 
AJ400623) 


' roie in determining the 
stamen identity 


developing 
> stamen and 
carpel: flower- 
spedftc 


flGwer atierratkin 


P35S-antis»ns< 


^ Gerbera 
hybrida 


Gerbera 
hybrida 


near full- 
length 
cONA (2C 

bp 
missing ir 

ff): 674bc 


Kotllalnen M et al. (2000) Plant Cell 12(10). 169^ 
1902 
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GS1 (glutamine 
synthetase; EC 
6.3.1.2) 


catalysaQon of the 
ATP-dependent 
condensation of NH3 
with glutamate to 
produce glutamine 


cytoplasmtc; 
overal with 
differential 
expression 


No decrease in mRNIA; 
slQnIficsnt docrGssfi tn UtG 
level of both GS1 and GS2 
and OS activity 


P35S-an ti se nsi 
tnos(pMON316 


tobacco 
(Nicatiana 
tabaccum L. 


alfalfa 
(Medicago 
sativa) 


cDNA 
fragment 
(1.35kb) 


Temple SJ et al. (1993) Mol Gen Gent 236(2-3), 315- 
325 
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GS1 (glutamine 
synthetase) 


catalysatlon of the 
ATP-dependent 
c(H>dens3tion of NHS 
with glutamate to 
produce glutamine 


cytoplasmic; 
overal with 
differential 
expression 


80% decrease in transcript 
tev^ but no reduction of GS 
activity or GS1 polypeptide 
level 


P35S- 
HPTsense+antl 
sense(3fragnw 
nts)-nos 

terminator 


alfalfa 
(Medicago 
sativB) 


alfalfa 
(Medfcago 
sativa) 


cDNA 
fragment 
(209bp 
3'UTR); 

fusion 
proteini 


547 
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AthH2 


putative channel 
protein of the 
plasmalemma 


temporally 
activated by light 
in expanding 

artd/or 
differentiating 
cells 


reductton In water uptake of 
protoplasts 


P35S-antlsense 


Arabidopsis 
thafiana L. 


Arabidt^sis 
thaliana L. 


??? 


Kaldenhoff R et al. (1 995) Plant J 7(1), 87-95 
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HAESA {receptor- 
Itka protein kinase; 
RLK5; M84660) 


control of floral organ 
abscission 


expression in the 
abscisslcxi zones 


delayed abscisston of floral 
oi^ans correlated with 
HAESA-protein amount 


P35S-an ti s en se 
(pGA482) 


Arabidopsis 
thaliana L. ec 
Colombia 


Arabidopsis 
thaliana L. 


ful-length 

cDNA 
(+3185bp 


Jinn TL et al. (2000) Genes Dev 14(1), 108-117 
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tonoplast H+ 
ATPase 


proton translocation 
machinery: nn and 
metabofyte transport 


depending on the 
Isophorms 


altered leaf morphology and 
reduced cell expansion 


p35S-anti sense 
7'terminator 


carrot 
{Daucus 
carxita L.) 


carrot 
(Daucus 
carota L.) 


ful-length 
cOMA 
(+1kb) 
and 
5'untransl. 
region 
MSObD^ 


Gogarten el al (1992) Plant Cell 4(7), 651-664; Perez 
C and Boutry M (1994) Symp Soc Exp Bid 48. 11- 
22: . Xle J et al. (1996) J Cell Sci 109(Pt2), 489-497; 
Morsomme P and Bountry M (2000) Btochlm Biophys 
Acta 1465(1-2). 1-16 
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H1B (variant B of 
the major somatic 
Hstone) 


chromosome 
packaging; role in 
male meiosis and 
subsequent 
development of pollen 
grains 


ubiquitous 


characteristic aberrations in 
flower development and 
almost completely male 

sterile; decrease in 
chromosome packaging 


p35S(E)- 
antisensa-tSSS 


tobacco 
(Nicotiana 
tabacum L. 

cv. SRI) 


tobacco 
(NicoUana 
tatiacum L.) 


ful-length 

cDNA 
(1104bp) 


Prymakowska-Sosak M et al. (1999) Plant Cell 
11(12). 2317-2329 
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HB (hemoglobin) 


nonsymbiotic 
hemoglobins; oxigen 
sequestration under 
stress conditions 


? 


no RIvtA data; downregulatlon 
of protein levels; change in 
energy status under hypoxia 


pUBM- 
antlsense-? 


maize (var. 
BMS) cells 


bariey 


CDNA 
(ORF: 
?bp) 


Sowa AW et al. (1998) Proc Natl Acad Sd USA 
95(17). 10317-10321 
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AtHDI (histone 
deacetylase) 


control of gene 
expresston during 
development: a global 

regulator 
(transcriptional gene 
silencing) 




various developmental 
abnormalities; dramatic 
reduction (Ull 40%) in 
endogenous transcript: 
accumulation of acetylated 
histones (HA) 


p35S-antisens» 


Arabidopsis 
thaliarya L 
(Columbia) 


Arabidopsis 
thaliana L 
(Cdumbia) 


full-length 
cDNA 
(I.Skb) 


Tlan L and Chen ZJ et al. (2001) Proc Natl Acad Sd 
USA 98(1). 200-205 
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AtH02A (histone 
deacetylase) 


important in the 
reproductive 
development: 
repression of 
transcriotion 


flowers and young 
silkiues 


seed abortion 


p-394tCUP- 
antisense- 


Arabidopsis 
thaliana L. 


Arabidopsis 
thaliana L. 
(Columbia) 


full-length 
cDNA 
(738bp) 


Wu K et al. (2000) Plant J 22(1). 19-27 
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HIC (for high 
cartxKi dioxkJe) 


encodes a negative 
regulator of stomatal 
development that 
responds to C02 
concentration. 


guard cell spedfic 


significant inc^ase in 
stomatal density in response 
to an increase In C02; 
decrease in HIC mRNA. 
mostiv undetectable 


p35S-antt8ens» 
ocs terminator 


Arabidt^sis 
thaliana L. 


Arabidopsis 
thaliana (C24 
ecotype) 


full-length 

cDNA 
(2073bp) 


Gray JE et al (2000) Nature 408, 713-716 
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hmgl (3-hydroxy- 
3methy)glutaryl- 
CoA reductase) 


key enzyme involved 
in the metabolism of 
terpenoid compounds 


?? 


Oetayed develc^Knent and 
canges in flower colours and 
shape 


p35S(2x)-sen5e 
or antisensM? 


tobacco 
{Nicotiana 
tabacum L.) 


Arabid(^sis 
thaliana L. 


? 


Pordko VA et al. (2000) Genetika 36(9). 1200-1205 
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HPR 

(hydropyruvate 
reductase, EC 
1.1.1.29) 


integral part of the 
glycolate pathway: 
photorespiratton 


leaves... 


reduction of HPR-actlvity but 
no clear mRNA reductnn of 
endogenous gene 


pSSS'antlsense 
tnos (pMON316 
vector) 


tobacco 
(Nicotiana 
tat>acum L.) 


cucumber 
(Cucumis 

sativus cv. 
Improved 

Long Green) 


full-length 
cDNA 
(1.5kb) 


Oliver MJ et al. (1993) Mol Gen Genet 239(3). 425- 
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HSP101 (Heat 
shock protein) 


plays 3 pivotal role in 
heat 8tx>ck tolerance 


aft At KAst 

induction and in 
germinating 
seeds 


diminished capacity to 
acquire heat tolerance after 
mild conditioning 
pretreatements 


p35S-sense or 
antlssnse 


Aratyidc^sis 
thatiana L. 
(Columbia or 
N6ssen) 


Arabidopsis 
thaliana L. 
(Columbia) 


fulMength 

cDNA 
(3124bp} 


Queitsch C et a!. (2000) Plant Cell 12(4). 479-492 
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StHKI 
(Hexoklnase 1; 
X94302) 


transport of sugars 


leaves and 
developing tubers 


starch acumulation at the 
end of the night period 


p35S>antlsense 
ocs terminator 


potato 
{Solanum 
tut>erosum L.) 


potato 
(Solanum 
tuberosum L.) 


EST- 
fragment 
(1.3kb/1.7 
kb) 


Veramendi et al. (1999) Plant Physiol 121(1). 123-34 
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hydroperoxide 
lyase 


route of hydroperoxide 
degradation 


leaves? 


reduced activity increase 

(38%) of Lipid 
hydroperoxides (LHPO) in 
leaves 


antlsense 


potato 






Griffits G et al. (2000) J Exp Bot 51(349), 1363-1370 
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acid-lnvertases 
(eel) wall-and 

vacuolar 
invertases) 


important functton in 
sucrose partitioning 


overall 


important phenotypic 
alteratkHis; sucrose and 
starch accumulation 


p35S-antisense 


carrot 
(Daucus 
cerota L.) 


(Daucus 
carota L. cv 
Nantaise) 


full-length 

cDNA 
(cw:1816b 

p; 

vac:2024b 
ol 


Tang GQ et al. (1999) Plant Call 11(2), 177-189 
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cold-lndudble 
soluble acid 
Invertasa 


involved in the 
regulation of the tuber 
hexose to sucrose 
ratio 


upon cold 
Induction 


decreased hexose and 
increased sucrose content In 
tubers 


p35S-antisense 


potato 
(5o/s/ium 
tuberosum L.) 






Zrenner R et al. (1996) Planta 198(2), 246-252 
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ntracellular soluble 
acid (nvertase - 

TIV1 (beta- 
fructosidase: EC 
3.2.1.261 


involved in the 
regulatkin of the fruit 
hexose to sucrose 
ratio 


fruit 


decreased hexose and 
ncreased sucrose content In 
fruits; smaller ripe fruits 


p35S-antlsense 


tomato 
Lycoporsfcon 
escufentum 
Mill.) 


tomato 
[Lycopersicon 
escuientum 
Mill.) 


5'cONA- 
fragment 
{1640bp- 

75%codin 


Klann EM el al. (1996) Plant Physiol 112(3). 1321- 
1330 
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LAT52 (XI 5855) 


a glycosllated heat- 
stable prcrtein (yet 
unknown function) 


pollen 


abnormal hydratatk}n and 
germination of the pollen: no 
fertilization possible 


LAT52 promoter 
antlsense-nos 
terminator 


tomato 
Lycopersicon 
escuientum 
Mill.) 


tomato 
Lycopersicon 
escuientum 
Mill.) 


full-length 

cDNA 
(1810bp} 


McCormtek S et al. (1991) Trends Genet 7. 298-303; 
Muschletti J et al. (1 994) Plant J 6(3). 321-338 





A 


8 


C 


D 


E 


F 


G 


H 


1 
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Lhca2 and Lhca3 
Oight harvesting 
proteins] 


role in Photosynthesis 


green tissues 


downregulation of Lhca2 in 
antisense Lhaca3 and tt>e 
reverse is also true 


p35S-antisenst 


Arabidopsis 
thaSana L. 
ecotype 
C<^umt>ia 


Arabidopsis 
thafiana L. 


CONA- 
fragment 
(?bp) 


Ganeteg U et al. (2001) Rant Physkrf. 127(), 150-15Q 
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Lhca4 


photosystem 1 type IV 
chtorophytl a/t>-t>lnding 
protein; role in 
photosynthesis 




alteration m the low- 
temperature fluorescence 
emission spectrum; 
unexplainable delay in 
flowering and an increase in 
sftfifl wnlnhf 


p35S-antIsens« 
nos terminator 


Arabkit^sis 
thatiana L. 
ecotype C24 


Arabidopsis 
thaBane L 


cDNA- 
fragment 
(10Q6bp) 


Zhang H et al. (1997) Plant Physiol 115(4). 1525- 
1531 
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Lhcb1-2 


chlorophyll a/b-binding 
protein of light' 

harvestlr>g complex II 
(LHCII); role in 
photosynthesis 


green tissues 


no influence on the 
phenotype; significant 
reductkwi of transcript 


pE35S- 
antisens»-35S- 
terminator 
pPetE- 
antisense-35S 
terminator 


tobacco 
(Nicotiana 
tabaccum L. 
cv Petit 
Havanna 
SRI) 


tobacco 
(Nicotiana 
tabaccum L.) 


cDNA- 
fragment 
(509bp; 
105bp: 
transit 
sequence 


Flachmann R and KOhlbrarxJt W (1995) Plant Cell 
7(2). 149-160: Flachmann R (1997) Plant Physiol 
113(3). 787-794 


179 


NtUIMI (Pal-box 
binding protein) 


important cis acting 
element for gene 
expression Involved in 
lignin biosynthesis 


stem, but also 
present in leaves 
and roots 


27% reduction of lignin 
content; low level of 
transcripts from some key 
phenylpropanold patttway 


p35S-antisense- 
nos terminator 


tobacco 
(Nicotiana 
tabaccum L.) 


tobacco 
(Nicotiana 
tatiaccum L.) 


I.Okb 

fragment 


Kawaoka A et al. (2000) Plant J 22(4), 289-301 
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Lol p 5 


major allergenic 
protein of Ryegrass 




no detection possible of 
allei^en by immunotilot 
analysis 


pOry si (pollen- 
specific 
promoter) - 
antlsense- 


Ryegrass 
{Lolium 
rigkium L) 


Ryegrass 
{Lolium 
rigidum L.) 


0.94kb 
cONA 
fragment 


Bhalla PL et al. (1999) Proc NaU Acad Sd USA 
96(20), 11676-11680 


181 


L0X1» ponjf -1 

(lipoxigenasa:U602 
00) 


plant associated 
lipoxigenase; role in 
the regulation of tuber 
enlargement 


transcription 
restricted to 
developing 
tubers, stolons 
and roots 


reduced tuber yield, 
decrease of average tuber 
size and disruption of tuber 
formation; transcription- 
reductron of other LOX 
genes... 


p35S-antisense 
t??? (pCB201 
binary vector) 


potato 
{Solanum 
tuberosum L. 
cv FL1607) 


potato 
[Solanum 
tuberosum L.) 


cDNA- 
fragment 
(1076bp; 

coding 
sequence] 


Kolomietes MV et al. (2001) Plant Cell 13(3). 613- 
626 
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LOX (lipoxigenase; 
xa4O40) 


involvement in the 
establishment of 
incompatibility in frfant- 
microorganism 
interactions 


expression 
associated vvith 

certain 
developmental 
events and 
pathogen Induced 


roducod Glicitor) snd 
pathogen-induced LOX 
activity; compatible 
phenotype 


p35S-antlsens» 
nos terminator 


Nicotiana 
tabacum L. 


Nicotiana 
tabacum L. 


fulMength 
cDNA 

{2.9kb) fir 
internal 
cDNA 

fragment 
(624bp) 


R^nce 1 et al. (1998) Proc Natl Acad Sci USA 95(11). 
6554-6559 
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LOX (lipoxigenase) 


responsible for 
hyd roperox ide 
biosynthesis 


senescing potato 
leaves? 


reduced activity 


p7-antJsense- 


potato 






Griffiths G et al, (2000) J Exp Bot 51(349). 1363- 
1370 
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LOX-H3 

(lipoxigenase) 


plays a role in \he 
regulation of wound- 
induced gene 
expression 


wound-indudble 


reduction of mRNA; 
abolished accumulation of 
proteinase inhibitors upon 

wounding; poorer 
performance toward insect 
herbivory and higher tuber 
yields 


pSSS^ntisense 
ocs terminator 


potato 
{Solanum 
tuberosum L. 
cv D6slr6e) 


potato 
(Solanum 
tuberosum L.) 


fulMength 

cDNA 
(3002bp) 


Royo et al. (1999) Proc Natl Acad Sci USA 96(3), 
1146-1151 
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OsLRKI (leucine- 
hch repeat receptor 
li)ce protein kinase) 


putative role in floral 
meiistem avtivlty 


in immature 
panicles 


increased numt>er of flower 
organs 


p?-antlsens©- 


rice{Ory2a 
sativa L.) 


rice (Oryza 
sativa L.) 




Kim CK et al. (2000) Plant Science 152(1). 17-26 
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OsMA0S4 

(Pistillata like) and 
OSMADS3 
(Agamous like) 


floral identity gene 


flowers 


floral aberration 


maise utiiquitin 
promoter (Utiil)- 
antisense-nos 
terminator 


rice (Oryza 
sativa L.) 


rice (Oryza 
sativa L.) 


cDNA- 
clones 
(?bp) 


Kang HG et al. (1998) Plant Mol Bkd 38(6), 1021- 
1029 
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MAI 1 {hetta 

glucostdase 11) 


glucostdase II activity: 
glycoprotein 
processing 


(microsomes) 


extrem^y stunted 
phenotype. curled leaves, 
decrease in tut>er yield... ER- 
stress. 


p35S(2x)- 
antlsense- 


potato 
[Sofanum 
tuberosum L.) 


potato 
[Solanum 
tuberosum L.) 


open 
reading 
frame- 
cDNA 
(2757bp) 


Taylor et al. (2000) Rant J. 24(3). 305-316 
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MAL2 (beta 
gluoosidase II) 


glucosidase activity...? 


tubers? 


reduction of transcript but no 
visible phenotype 


p35S(2x)- 
antlsensft- 

(pBiNig) 


potato 
[Solanum 
tuberosum L.) 


potato 
[Solanum 
tuberosum L.) 


open 
reading 
frame- 
cDNA 
(7bp) 


Taylor et al. (2001) Planta 213(2). 258-264 
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METI (methyl 
transferase) 


role in regulating many 
developmental 
pathways 
{dysregulation of gene 
expression?) 


? 


phenotypic and 
developmental abnomialities 


p35S-antjsensa 

nos terminator 


Arabidipsis 
thatiana L 


Arabidipsis 
tfialiana L 


cDNA 
fragment 
(2.8kb; 

4.3kb) 


Finnegan at al. (1996) Proc Nat) Acad Sci 93(16), 
8449-8454; Ronemus MJ et al. (1996) Science 273, 
654-657; Jacobsen and Meyerowitz (1997) Science 
277(5329). 1100-1103; Genger RKet al. (1999) Plant 
Mol Biol 41. 269-278; Jacobsen et al. (2000) Cun- 
Biol 10(4). 179-186 
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NtMETI (DNA 
methyl transferase) 


possible role in plant 
morphogenesis? 


dividing cells 


decrease in ONA- 
methylation; small leaves, 
short intemodes, abnormal 

flower morphology 


p35S-antIsense 
nos terminator 
IpDii^i vector) 


tobacco 
{NicoUana 
tabaccum L.) 


tobacco 
[Nicotiana 
tabaccum L. 
cv. Bright 
Yellow) 


cONA 
fragment 
(1690bp) 


Nakano Y et al. (2000) Plant Cell Physio* 41(4). 448- 
457 
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MOM 


gene product is 
required for the 
maintenance of 
transcriprional gene 
silencing 


? 


transcript depletion: 
reactivation of transcription 
from several previously 
silent, heavily methylated 
loci with no changes on the 
methylation pattern 


pSSS-antisense 
35S-terminator 


Arabidopsis 
thatiana L. 


Arabidopsis 
thatiana L, 


3' cDNA 
fragment 
(??kb) 


Amedeo P et al. (2000) Nature 405(6783). 203-206 
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NAOH-GOGAT 

(L01S60) 


plays a role in 
assimilation of 
symbiotlcally fixed N + 
role during pollen 
development 


in nodules? 


moderately chlorotic. 
redused growth and reduced 
N-content + male sterility 
(^Inviable pollen); 50% 
transcript reduction 


PAAT2 (nodule 

spectflc)- 
antls«nse-tE9 


alfalfa 
(Medicago 
sativa L) 


alfalfa 
(Medicago 
sativa L.) 


cDNA 
fragment 
(middle 
regton) 
(2.5 kb) 


Schoenbeck et al. (2000) J Exp Bot 51(342). 29-39 
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NADP-malate 
dehydrogenase 


role in 
Photosynthesis? 


? 


yellow leaves (sometimes 
mosaic phenotype) 


p?-antisanse- 


Flaveda 
bidentis L 


Flaveria 
bidentis L. (?) 




Trevanion SJ et al. (1999) Aust J Plant Physiol 26. 
537-547 





A 


B 




Q 


C 


p 




H 






NAG1 (agamous) 


floral identity gene (a 
putative AG gene) 


flowers 


floral aberratkxis; no RNA 
data... 


p35S-5ense-; 
pSSS^ntisensfl 


tobacco 
(Nkxaiana 
tabacum L.) 


tobacco 
(Nicotiana 
tabacum L.) 


cDNA 
fragment 
encoding 
the entire 
coding 
region 
(+0.7kb) 


Kern pin SA et al. (1993) Plant Phystol 103. 1041 - 
1046 
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Napin 


storage protein 


seeds 


reduced amounts of napin in 

seeds (no accumulation 
possible) change In fatty add 
composition 


napin promoter - 
antlsensa-nos 
terminator 


Srassfca 
nepus 


Brassica 
napus 


cDNA 
fragment 
encoding 
the entire 
coding 
region 
(- O.Tkb) 


Khono-Murase et al. (1994) Plant Mo) Biol 26(4). 
1115-1124 
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Nia (nitrate 
reductase) and Nii 
(nltirit reductase) 
and promoters 


stand for the reduction 
of nitrate into 
ammonium and the 

introduction of 
ammonium into the 
cartx}n skeleton 

provided by 
photosynthesis 


cytosol for nitrate 
reductase; 
chloroplast for 
nitrite reductase 


cell-autonomous chlorotic 
phenotype 


p35S-8ense or 
antisense- 


Nksotianae 

spodes 
(Nicotiana 
tal>acum L. Of 
N. 

piumbaginifoli 

B) 


Nicotianaa 
species 


endogeno 
us Nia or 
Nii genes 


Vaucheret et al. (1997) Euphitica 00, 195-200 
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nia (nitrate 
reductase) 


Nitrate reduction 


leaf 


chlorosis; bleaching 


p35S-8ensa- 

35S terminator 


tobacco 
{NicoUana 
tabaccum L.) 


tobacco 
{Nicotiana 
tabaccum L.) 


full-length 
cDNA 

(??kb) or 
cDNA 

fragments 
(bp) 


Doflhac de Borne F et al. (1994) Mol Gen Genet 243, 
613-621; Vaucheret H and Caboche M (1995) Plant 
Sdence 107. 95-104; Palauqul J-C and Vaucheret H 
(1995) Plant Mol Biol 29. 149-159; Vaucheret H et al. 

(1996) Plant Cell 9, 1495-1504; J-C Palauqui et at. 

(1997) EMBO J. 16(15). 4738-4745; Vaucheret H et 
al. (1997) Euphytica OO. 195-200; Palauqui J-C and 

Vaucheret H (1998) Proc Natl Acad Sd USA 95, 
9675-9680 


lyo 


nicotlnamlne 
synthase 


role in iron homeostats 
(acid nicotinamine 
biosynthesis) 


? 


chlorosis of the leaf nervae 


p??-antlsense- 


tobacco 
{Nicotiana 
tabaccum L.) 


barley roots 




Herbik A et at. (1999) Eur J Biochem 265(1), 231-239 
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Nil (nitrite 
reductase = NiR) 


Nitrate reduction 


leaf 


chlorosis 


p35S(2x)-sense 
nos terminator; 
p35S-antlsenss 


tobacco 
[Nicotiana 
tabaccum L.) 


tobacco 
{Nicotiana 
tattaccum L.) 


cOIMA 
fragment 
(1.85kb) 

Of 

genomic 

DNA 
(4.Skb; 
5.6kb) 


Vaucheret H et al (1992) Plant J 2. 559-569; 
Vaucheret H et al. (1995) Mo) Gen Genet 248(3). 311 
307; Thierry and Vaucheret (1996) Plant Mol Biol 
32(6), 1075-1083; J-C Palauqui el al. (1997) EMBO 

J. 16, 4738-4745; Vaucheret H et al. (1997) 
Euphytica 00, 195-200: Crete and Vaucheret (1999) 
Plant Mol Biol 41(1), 105-1 14 
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NR (Never-ripe) 


Ffutt ripening: ethyfene 
receptor ("receptor 
Inhibition' mode of 
action) 


fruits 


restoration of normal 
ripening (inhibition of the 
mutant Wr-gene) 


p35S-antl sense 
35S terminator 


tomato 
(/.yccpersfco/i 
escuientum) 


tomato 
{Lyct^rsicon 
escuientum ) 


CONA 
fragment 
(714bp) 


Hackett RM et af . (2000) Plant physrology 124. 1079- 
1085 
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AtNRT1:2 

(Arabidopsis CHI 


role in constitutive law- 
affinity nitrate uptake. 


root hairs and root 
epidermis 


enhanced resistance to 
chlorate 


p35S-antIsen8e 
nos terminator 


Atabidip^s 
thaliana L. 


Arabidipsis 
thaiiana L. 


5'cDNA 
fragment 
(l.5kb) 


Huang NO et al. (1999) Plant Cell 11(8), 1381-1392 




class 1 OHflT (o- 
methyl transferase) 


Itgnin biosynthesis 


lignifted tissues 
(OMT 1) or upon 
infection (OMT II) 


modified lignin composition 


pass sense; 
p35S a.8. 


tobacco 
{Nicotiana 
tabaccum L.) 


[Nicotiana 
tabaccum L.) 


range of 
cDNA 

fragments 
:full 
length 

(1457bp) 

to 300bp 


Atanassova et al. (submitted EMBO 1995); 
Atanassova R et al. (1995) Plant J 8. 465-477 
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o-fnethyl 
transferase (bi- 
OMT) - Ptomt gene 


lignin biosynthesis 


woody tissues 


altered lignin composition 


p35S-antisense 
35S4ermlnator 


tobacco 
[Nicotiana 
tabaccum L.) 


aspen 
{Popuius sp .) 
(Ptomt gene) 


5'cDNA 
fragment 
(0.47kb) 


Dvrtvedt UN et al. (1994) Plant Mol Bid 26(1), 61-71 
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Osmotlne^ilce 
gene 


role in plant defense 


? 


decrease in mRNA 


p35S-antisense 


potato 
{Soianum 
commersonii 
Dun.) 






Zhu B et al. (1996) Planta 198(1), 70-77 
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P5CS (1-pyn^ine- 
5-cartxjxy1ate 
synthetase) 


proline synthesis: rote 
in osmotic stress 


induced 
expression tjy 
dehydratalion, 
high salt and ABA 
treatment 


morphologica alterations in 

leaves and a defect in 
elongation of Inflorescences 
and hypersensitivity of 
leaves to osmotic stress 


p35S-antIsens» 
GUS-nos 
temninator 


Arabidipsis 
thaliana L. 


Arabidipsis 
thaliana L. 


cDNA 
(2584bp) 


Nanjo T et al. (1999) Plant J 18(2), 185-193 
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PAl 1 

(phosphoribosylani 
hranitate 
isom erase) 


tryptophan 
tHosyn thesis 


??? 


blue fluorescence under UV 
light and resistance to the 
anthrantlate analog 6- 
methylanthranilate 


p35S-antisense 


A/abidipsis 
thaiiana L. 


Arabidipsis 
thaiiana L. 


cONA 
fragment 
(0.8kb) 


U et al. (1995) Plant Cell 7(4):447-61: 
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AtPDHK (pyruvate 
dehyd rogenase 
Icinase) 


negative regulator of 
the mitochondrial 

pyruvate 
dehydrogenase 
complex (mtPDC) 


all tissues 


marked elavation of mtPDC 
activity: altered vegetative 

growth with reduced 
accumulation of vegetative 
tissues, early flowering and 
shorter generation time 


p35S<tandemh 
antisense- 


Arabidipsis 
thaliana L. 
(ecotype 
Columbia) 


Arabidipsis 
thaliana 


"intemal" 
cONA 

fragment 
(O.Skb) 


Zou J et al. (1999) Plant Mol Bid 41(6),837-849 
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POS (pliytoene 
desaturase) 


carotenoid btosynthetic 
pathway 


green leaves 


white phenot^>e and 
phytoene accumulation 


VtGS: 
pTMV U1- 
antlsense- ql 
pTMVUI -sense 


Nicotiana 
bantamiana 


tomato 
[Lycoperslcon 
escuientum 
Mill.) 


cONA 
fragment 
(64ahp77 
) 


Kumagai MH et al. (1995) Proc Natl Acad Sd USA 
92(5). 1679-1683 
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PDS (phytoene 
desaturase) 


photosynthetic 
pigment bkisynthesis 


green leaves 


photoWeaching 


VIGS: 
p35S-sanse^os 

terminator re. 
p35S-antl8ense 

nos terminator 


Nicotiana 
bentemiana 


Nicotiana 
bantamiarm 


different 

cDNA 
fragment 

(415bp- 


Ruiz MT el al. (1998) Plant Cell 10(6), 937-946; 
Voinnet O et al. (2000) Cell 103, 157-187 





A 


B 


C 


D 


E 


F 


G 


H 


1 
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esterase) 


role in pectin de- 
esteriflcation 


fruit 


reduced enzyme activity; 

inhibition of mRNA 
accumulation; heavy pectin 
esterirication 


pSSS-antlsense 

noa terminator 


tomato 
(Lycopersioon 
esct^entum 
Mill cv. Ailsa 

Craig) 


twnato 
(Lycqpersfcon 
esculentum 
Mill.) 


5■cD^4A 
fragment 
(420bp) 


Hall LN et al. (1993) Plant J 3(1), 121-129 
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PEPC (sppc) 
(Phosphoe/w/ 

pyruvate 
carboxylase) 


important role In 
primary photosynthetic 
C02 fixation in C4 and 
CAM plants 


stongly regulated 


decrease in malate levels: 
delayed stomatal opening 


p35S-a n ti sense 


Solanum 
tuberosum L. 


Sotenum 
tuberosum L. 


cONA 
fragment 
(3094bp) 


GeNen J et al. (1996) Plant Mol Bk>l 32(5). 831-848 
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PFN (proTiIin) 


actirvbtrxllrtg protein 

involved in the 
organization of the 
cyroslceleton 


root and root hair 
vascular bundles 
of cotyledons and 
leaves 


stunted growth - dwarf 
phenotype - short hypocotyls 


p35S-antlsens« 


AraUdlpsis 
thallana L. 


ArBbidipsis 
OiaHana U 


cONA 
fragment: 
coding 
region 
(3094bp) 


Ramachandran S et al. (2000) Plant Physkrf 124, 
1637-1647 
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PFP 

(pyrophosphate: 
fructose* 
phosphate 1- 
phosphotransferas 
e) 


catalysation the 
conversion of fructose- 
6-phosphate and 

inorganic 
pyrophosphate 
tofructose-1,6- 
biphosphate and 
inorganic phosphate 


ubiquitous 


reduced activity of PFP in 
leaves: 56-95% in the leaf 
base and 87-97% at the leaf 
tip in T3 transformants; 
indication for changes in 
metabolic fluxes in leaves; 
(PFP regulation at the 
protein level...?) 


p35S-antls«nse 
or sense- 


tobacco 
(Nkxaiana 
tabacum L. 
cv. SamsunjI 


potato 
(Solanum 
tuberosum L); 
alfa PFP 
subunit 


? (7bp) 


Paul M et al. (1995) Ranta 1960, 277-283; Nielsen 
TH and Stitt M (2001) Planta 214, 106-1 16 
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PG (poty- 
galacturonase = 
pT0M6; EC 
3,2.1.15) 


cell wall degradation, 
ffuit ripening: pectin 
depdymerisation 


fruit tissue 


inhibition of fruit ripening 


p35S- 
antlsense-nos 
terminator 


tomato 
(i-ycflpers/con 
esajtentum 
Mill.) 


tomato 
{Lycopersicon 
esculentum 
Mill cv. Ailsa 
Craig) 


5'cDNA 
fragment 

(730bp: 
50bp non 
coding r) 


Smith CJS et at. (1988) Nature 334, 724-726; Schuch 

el al. (1989) Plant Mol Biot 13(3). 303-31 1; Smith 
CJS et al. (1990} Plant Mol Biol 14, 369-379; Gray et 
at (1992) PMB19, 69-87 
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PG (poly- 
galacturonase) 


cell wall degradation, 
fruit ripening; pectin 
depolym eri sa tion 


expressed only 

during the 
ripening stage of 
fruit development 


downreguiation of PG 
transcription in ripening fruits 
and reduction of PG activity 


p35S- 
antisense-Tr 7 
terminator 


tomato 
[Lycopersicon 
esculentum 
Mill.) 


tomato 
{Lycopersicon 
esculentum 
Mill.) 


cDNA 
(1624bp- 
complete 

ORF) 


Sheehy RE et at. (1988) Proc Natl Acad Sd USA 85, 
8805-8809 
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PG and PE 


cell wait degradation, 
fruit ripening: pectin 
depolymerisation 


fruit tissue 


Inhibition of fruit ripening 


p35S-sense 

chimeric 
construct-35S 
terminator 


tomato 
(Lycqpersfcon 
esculentum 
Mill cv. Ailsa 
Craig) 


tomato 
{Lycopersicon 
esculentum 
Mill.) 


cDNA- 
fragments 
(244bp 
PG- 
1320bp 
PE) 


Seymour et al. (1993) Plant Mol Biol 23(1). 1-9 
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PG (poly- 
galacturonase) 


cett wall degradation, 
fruit ripening: pectin 
depolymerisation 


fruit tissue 


inhibition of fruit ripening 


p35S- 
antisense-nos 
terminator 


tomato 
(Lyc<^rsicon 
esculentum 
Mill.) 


? 


cDNA 
fragment 
(ISOObp) 


Ju R et al. (1994) Chin J Biotechnol 10(2). 67-74 
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PG1-beta subunit 


cell wall degradation, 
fruit ripening: pectin 
depolymerisation 


fruit tissue 


increased levels of pectin 
solubilization and 
depolymerization during fruit 
ripening 


p355-antlsens» 
77 Terminator 
(pBI121 vector) 


tomato 
(Lycopersicon 
esculantum 
Mill.) 


tomato 
{Lya^rsicon 
esculentum 
Mill.) 


cDNA 
fragment 
(1790bp/2 

227bp) 


Watson OF et al. (1994) Plant Cell 6, 1623-1634 
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StpPGM (plastldal 
phosphoglucomuta 

Se, AJ4^UU30j 


starch biosynthesis 


constitutive 
expression 


decrease of starch 
accumulation and significant 
Increase of sucrose and 
hexose phosphates 


p355-antlsanse 
ocs terminator 


potato 
{Solanum 
tuberosum L.) 


potato 
{Solanum 
tutierosum L.) 


fulMength 
cONA 
(2.4kb) 


Tauberger et al. (2000) Plant J 23(1). 43-53 
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PHA1 and PHA2 

(P-type ATPase 
genes) 


proton translocation 
machinery: ion and 
metabolyte transport 


depending on the 
isophorms 


no transformants obtained 


P35S-antisense 


potato 
{Solanum 
tutierosum L.) 


potato 
{Solanum 
tuberosum L.) 


full-length 

cDNA 
(95&^52 

bp 
respective 

ly) 


Harms K el al. (1994) Plant Mot Bio) 26(3), 979-986 
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Pho2 (cytosolic 
phosphOflyase) 


possible influence on 
sprouting and 
flowering 


leaves and tubers 


changes in sprouting, 
flowering time and tuber 
yield 


p35S-antl sense 
ocs terminator 


potato 
{Solanum 
tutierosum L. 
cv. D6sir6e) 


potato 
{Solanum 
tutierosum L.) 


cDNA 
(2kb) 


Duwening E et al. (1997) Plant J 12(2), 323-333 
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10kd protein of the 
water splitting 
apparatus of 
photosystem II 


photosyntheis 


photosynthetically 
active cells 


reduces protein and RNA 

amounts (significant) - 
retarded oxidation of QA * 
disorder in PSIl complex 


p35S-antisense 
ocs terminator 


potato 
{Solanum 
tuberosum L.) 


potato 
{Solanum 
tuberosum L.) 


full-length 
cDNA 
(700bp) 


Stockhous J et al. (1990) EMBO J 9(9). 3013-3021 
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PHYA 

(phytochrome A) 


peception of light 
signals: role in the 
drcadian clock 


green tissues 


less sensitive to red light with 
regard to stem elongation 


p35S-antIsense 
ocs terminator 


potato 
{Solanum 
tutierosum L) 


potato 
{Solanum 
tutierosum L.) 


fulMength 

cDNA 
(3600bp) 
or internal 
cDNAfrg 
(782bp) 


Heyer AG et al. (1995) Plant physid 109(1), 53-61; 
Yanovsky MJ et al. (2000) Plant J 23(2). 223-232 
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PHYB 

(phytochrome B) 


peception of light 
signals: role in the 
ctrcadian dock 


green tissues 


elongated stems and 
reduced chlorophyl content; 
photoperiodic control of 
titwrization 


p3SS-antisense 


Solanum 
tuberosum L. 
ssp. andigena 


potato 
{Solanum 
tuberosum L.) 


cDNA 
fragment 
(1300bp) 


Jackson SD et al. (1996) Plant J 9(2), 159-166; 
Yanovsky MJ et al. (2000) Plant J 23(2). 223-232 


225 


PIF3 {phytochrome 
interacting factor) 


phytochrome signalling 
(control of gene 
expression?) 


? 


perturbation of 
photoresponsiveness 


p35S-antIsense 
35S-terminator 


Arabldopsis 
thaliana 


Arabidc^sis 
thaliana 


cONA 
fragment - 
ORF 
(1.6kb) 


Ni M et al. (1998) Celt 95(5), 657-667 
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Plastid aldolase 


calvln cyde 


leaves 


marked cc»icaquences for 
photosynthesis, carbon 
partitioning and growth 


p35S-anUsense 
ocs terminator 


Solanum 
tutjerosum L. 
cv D6str6e 


Solanum 
tuberosum L. 


full-length 

cDNA 
(1270bp) 


Haake et al. (1998) Plant J. 14(2).147-157 





A 


B 


c 


D 


E 


p 


Q 


}^ 
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PLD 

(phospholipase D; 
EC 3.1.4.4) 


role in membrane 
deterioration; a 
phospholipid 
hydrolyzing enzyme 


? 


slower rate of leaf 
senescence 


p35S-antls«ns< 

rtwS terminator 


Arabidt^sis 
OtsBana L 


ArBt>idopsts 
thaSana L 


cONA 
fragment 
(261 bp) 


Fan L et at. (1997) Rant Celt 9(12). 2183-2196 
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PMA (plasnia 
membrane H(+>- 
ATPase) 


proton translocation in 
plasma membranes: 
ion and metabc^e 
transport 


depending on the 
Isophorms 


reduction of transcript 


anttsense 


varnus higher 
plants 






Perez and Boutry (1994) Symp Soc Exp Bio) 48.1 1- 
22 
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PME (pectin 
methyl esterase) 


pectin demethylation 


constitutive 
expression 


root development? 


p35S-sensft- 

rbcS temriinator 


tomato 
(Lyccpersicon 
escufentum 
Mill.) 


tomato 
(Lycopersicon 
esculentum 
Mill.) 


genomic 
DNA: 


Mishra and Handa (1998) Plant Journal 14, 583-592 
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PME (pectin 
EC3.1.1.11) " 


cell wall degradation, 
fnjit ripening: 

regulation of methanol 
biosynthe»s 


fruit tissue 


inhibition of ^ruit ripening 


*■ p35S-sense- 
rbcS temninator 
p35S-antisense 
rbcS terminator 


tomato 
(LycQpersfcoo 

BSCUlBntUfT) 

Mill. Cv. 
Rutgers) 


tomato 
(Lycopersicon 
escufenfom 
Mill.) 


genomic 
DNA: 
1.6kb 


Tceman et at (1992) Plant Cell 4. 667-679; Gaffe J et 
at (1997) Plant Physiol 114(4), 1547-56; Frenket C 
(1998) J Biol Chem 273(8). 4293-4295 
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PME (pectin 
methylesterase) 
and 

polygalacturonas 
« 


enzymes of the pectin 
degradation pathway 




significant downregufation of 
txith genes 


antiser^ PME - 

antisense 
polygalacturona 
se 


tomato 
{Lycopersicon 
esculentum ) 






Pear JR et at. (1993) Antisense Res Dev 3(2). 181- 
190 
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rcPMEl (pectin 
m 6tliylGstof3Sd ) 


maintenance of 
extracellLiIar pH. 
elongation of cells 
within the root tip, and 
cell wall degradation 


periferal cells of 
the root cap 


prevention of the normal 
separation of root Ixwder 
cells from the root tip 


p35S-sens»-: 
p35S-antlsensa 
(vector pBI121) 


pea (Pisum 
sativum cv. 
Little Man/el) 


pea (Pisum 
sativum cv. 
Little Marvel) 


cDNA: 
1744bp 


WenFet al. (1999) Plant Cell 11(6). 1129-1140 
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PORAorPORB 

(light dependent 
NADPHrPchltde 
□xidoreductases) 


catalyzation of the only 
light-dependent 
reaction in the 

chtorophyl biosynthetic 
pathway 


green tissues 


antisense: 2 to 10-fold 
decrease of transcript and 2 
to 3 fold decrease of protein; 
changed ethioplast 
architecture 


p35S + omega 
enhancer- 
antlsanse- 


Arabidipsis 
thaliana L. 


Arabidipsis 
thaliana L. 


cDNA- 
completa 
coding 
region 
(7kb) 


Franck F et al. (2000) Plant Physiol 124. 1678-1696 
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PPO (polyphenol 
oxydase) 


first step in the 
synthesis of 
polyphenols (melanin) 


ubiquitous 


tolerance of tubers against 
bruising = black spot 
resistance 


p35S>antfsens« 
nos terminator; 

pGBSS- 
antisense-nos 
terminator 

pr A 1 A 1 1 rv- 

antlsens»-nos 

terminator 


potato 
(Solanum 
tuberosum L.) 


potato 
(Solanum 
tuberosum L.) 


full-length 
or 5frag 
cDNA: 
1875bp 
{class 1) - 
1931bp 
(class II) 
or 800bp 
frg. 


Bachem CWB et aJ. (1994) Nature Bio/technology 
12,1101-1105 
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PPO (polyphenol 
oxydase) 


first step in the 
synthesis of 
pol^henols (melanin) 


r> 


repressed PPO activity; 
lower browning potential of 
the fruit 


p??-antjsense- 


apple 






Murata M et al. (2000) J Agric Food Chem 48(11). 
5243-5248 
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P-protein (small 
subunit of GDC) 


glycine breakdown 


ubiquitous 


decrease in the ability of the 
leaf mitochondria to 
decarboxylate glycine; 
reduced photosybthetic and 
growrth rates 


PST-LS1- 
antlsense-tocs 


potato 

tubemsum L 
cv. Desir6) 


potato 
{Solanum 
tuberosum L.) 


full-length 
cONA 
(2.4kb) 


Heineke D et al. (2001) Ptanta 212(5/6). 860-887 
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PRK 

{ Phosphonbulokt na 
se) 


calvin cycle 


green tissues 


reduced amounts of hexose 

and starch; lower C02 
assimilation: reduced relative 
growth rate of shoots and 

delayed flowering - 
resistance to P. parasitica 


PrbcS- 
antlsense-nos 
terminator 


Tc^cco 
(Nicotiana 
tabacum L.) 


Tobacco 
{Nicotiana 
tettacum L.) 


cONA 
fragment 
(1.3kb) 


Paul MJ et al. (1995) Plant J 7(4), 535-542 
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AtProDH (proline 
dehydrogenase; 
^RDS sequence; 
D83025) 


rde In proline 
degradation 


drought-inducible 
gene 


proline acumulatkin. 
enhanced stress tolerance 


P35S*antIsense 
GUS-tnos (in 
PBE2113) 


Arabidipsis 
thaliana (L.) 
Heynh. 
ecotype 
Columbia 


Arabidipsis 
thaliana L.) 
Heynh. 


full-length 

cDNA 
(1.S5kb) 


Nanjo T et al. (1999) FEES Lett 461(3). 205-210 
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prosystemin 

precursor gene) 


precursor of systemic 
wound signal 


all tissues but not 
in roots; wound 
inducible 


greatly suppressed systemic 

wound induction of 
proteinase inhibitor 1 and li 
synthesis 


P35S-ant[sense 


tomato 
Lycopersicon 
esculentum 
Mill.) 


tomato 
Lycopersic»n 
esculentum 
Mill.) 


cONA 
fragment 
(747bp) 


IWcGurl B et aL (1992) Science 255. 1570-1573; 
Orozco-Cardenas and Ryan (1999) Proc Natl Acad 
Sci USA 96(11). 6553-6557; Narvaez-Vasquez J et 
al. (1999) Plant Cell 11(11). 2249-2260 
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psbW 


putative crucial rote in 
biogenesis and 
regulation of the 
photosystem 
apparatus; subunit of 
PSII 


green tissues 


lack of dimenc PSII 
supracomplex; decreased 
oxygen-evolving rate, low 
psbW mRNA 


p35S-antisense 
(pBtnig) 


Aratiidfpsis 
tfialiana L. 


Arabidipsis 
thaliana L. 


genomic 

DNA 
fragment 
(??kb) 


Sht LX et al. (2000) J Biol Chem 275(48). 37945- 
37950 
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PSI^ (psaF done) 


a subunit of thte 
pnomsysiem i ir'oij 


green tissues 


lethal, stunted growth in 
sur/ivtng plants 


PE35S- 
antisens»-3SS 

terminator 


Arabidipsis 
theiiana L. 


Arattidipsis 
thaliana L. 


full-length 
cDNA 
{664bp) 


Haldrup A et a). (2000) J Biol Chem 275(40), 3121 1- 
31218 
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PSI-H 


a subunit of the 
photosystem I (PSl) 


green tissue 


smaller habitus when grown 
on sterile media; decrease of 
the [»oton gradient across 
the thytacoid n^embrane 


p35S-sense- 
(PBIN121) 


Arabidipsis 
thaliana L. 


Arabidipsis 
thaliana L. 


cDNA 
fragment 
(7??bp) - 
with entire 
coding 
region 


Naver H et al. (1999) J Biol Chem 274(16), 10749- 
10789 
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PSI-K (psaK- 
cDNA) 


a subunit of the 
photosystem 1 (PSl) 


green tissue 


higher chlorophyl a/b ratio, 
more P700 than WT 


p35S-antisense 

35S temiinator 


AratM'dipsis 
thallBna L 


Arabidipsis 
thaliana L 


full length 
cDNA 
done: 
540bp 


Jensen PE et al. (2000) J Biol Chem 275(32). 24701- 
24708 





A 


B 


c 


D 


E 


F 


G 


H 
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PSI-N (psaN) 


a subunit of the 
photosystem 1 (PSI) 


protein located 
entirdy in 

green tissue 


urider sub-optima) 
cortditions: chlorosis and 
slower growth; under optima 
conditions: no phenotypic 

alterations but several 
photosynthetic parameters 
were afected 


p35S-antisen« 
nos terminator 

and CO- 
suppfBsslon: 
pE35S-sensft- 
35S terminator 


» 

AfBbidipsis 
thsiiana L. 


Arabidipsis 
thaiiana L, 


^ntis^npe 
ESTDNA 
fragment 
siSbp: 
sense: ful 
length 
cDNA: 
77bp 


Haldrup A et al. (1999) Rant J 17(6),686-696 
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OsPSK (Oryza 

sativa 
PhytosulfoWne- 


PSK-alpha precursor 
role in cell proliferatior 


? 


60% reduction of PSK-atpha 
production compared to 
control level 


pACTIN(rice) - 
antisense- 


Ofyza sativa 
L. (Oc cells) 


Oryza sativa 
L. (Oc cells) 


cONA 
done: 
725bp7 


Yang H et at. (1999) Proc Natl Acad Sci USA 96(23). 
13560-13565: Yang H et al. (2000) Rant Ceil Physiol 
41(6). 811-816 
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pyruvats, 
orthophosphate 
diklnase 


role in 
Photosynthesis? 


? 


yellow leaves (sometimes 
mosaic phenotype) 


p7-antisense- 


Flaveria 
bidentis L. 


Flaveria 
iwdenfe L (?) 




Trevanion SJ et al. (1999) Aust J Rant Physiol 26, 
537-547 
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phytoene synthase 
(Psyl) = TOMS 


carotenoid lycopene 
biosynthesis 


ripening fruit 


Inhibition of carotenoid 
production in ripening fruit; 
yellow fruit; pale flowers 


p35S-antJs0ns« 
rK>s terminator 


tomato 
(Lycopersicor 
esculentum 
Mill.) 


tomato 
(Lycopersicon 
esculentum 
Mill.) 


5'cONA 
fragment 
(794bp) 


Bird CR et al. (1991) Nature Bioftechnology 9(7). 635 

639; Bramtey et al. (1992) Plant J 2(3), 343-349; 
Fraser PD et si. (1999) Plant Md Biol 40(4), 687-698 
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(Psyl) = TOMS 


carotenoid lycopene 
t>iosynthesis 


ripening fruit 


inhibition of carotenoid 
production in ripening fruit; 

susceptibility to 
photobleaching in leaves 
(other Psy?7); yellow fruit; 
white flowers 


p35S-sense- 

35S terminator 


tomato 
(Lycopersicon 
esculentum 
Mill.) 


tomato 
(Lycopersicon 
esculentum 
Mill.) 


functional 

cONA 
(1455bp) 


Fray and Grierson (1993) PMB 22. 589-802 
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AtPTR2-B 


peptide transport gene 
(role in plant 
nutrition?) 


oonstituticely 
expressed in all 
plant organs 


reduction of mRNA - in 
leaves and flowers (not in 
roots}. Late flowering ans 
arrested seed devdopment 


p35S-»ense-??- 
or- p35S 
antisanse-7? 


Arabidipsis 
thaffana L 


Aratjidipsis 
thaiiana L 


cDNA 
fragment 

(*/- 
1.65kb) 


Song et al. (1997) Plant Physiol 114(3). 927-935 
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RA14-)it(e: 16KDa 
Allergenic proteins 


allergenic compounds 
foTKl in seeds 


seeds 


lower amounts of allergenic 

compounds in seeds 
(=lmmunobltrt and RfslA-blot 
analyds) 


rice allergenic 
promoter - 
antlsensft- 
twaxy***: rice 
seed-specific 
promoters - 
antisense+ 
antisense (or 
+sense)- 
twaxy*" 


rice (Oryza 
sativa 1..} 


rice (Oryza 
sativa L.) 


genomic 
DNA (bp) 


Nakamura R and Matsuda T (1996) Btosd Blotechnol 
BkKhem 60(8). 1215-1221 
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RA17: 14-16KDa 
Allergenic proteins 


allergenic compounds 
fond in seeds 


seeds 


lower amounts of allergenic 

compounds in seeds 
(=lmmunot>lot and RNA-btot 
analysis) 


rice seed- 
specific 
promoters - 
antlsense- 
twaxy*" 


rice (Oryza 
sativa L.) 


rice (Oryza 
sativa L.) 


cONA 
(SSObp) 


Tada Y et al. (1996) FEBS Lett 391(3). 341-345; 
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MsRACI (a GTP- 
binding protein) 


role in the 
establishment of plant 
defence reactions 


'ubiquitously 
expressed in 
various tissues' 


poor growth and retarded 
flowering 


p35S-antlsense 

tnos 


tobacco 
(W/cotfona 
tabacum L) 


alfalfa 
(hAedk^go 
sativa) 


cDNA, 
coding 
region 
(593bp) 


Schiene K et al. (2000) Md Gen Genet 263(5), 761- 
770 
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3RT (anthocyanin- 

3^ucoside 
rhamnosyltransfera 
se) 


pigment gene 


flowers 


interference with the 
production of malvidtn: 
accumulation of delphinidtrv3 
glucosides; fighter coloured 
flowers 


pMac-antlsense 


Petunia 
hytxida 


hybrida 


cDNA 
fragment 
(1.7kb) 


Brugliera F et al. (1994) Plant J 5(1). 81-92 
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Rac13 (GTPase) 


role in H202 
production (octivation 
of NADPH oxidase) 
and cell wall formation 


highly induced 
expression at the 
transition from 

primary to 
secondary wall 
synthesis 


decreased levels of H202 
opon cell wall formation 


p35S*antisense 


soybeen 
{Glycine max) 

and 
Arabidopsis 
thaiiana L. 
cells 


cotton 
{Gossipium 
hirsutum) 




Potikha TS et al. (1999) Plant Physld 1 19(3). 649- 
858 
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rbc5 (Rublsco 
small subunit) 


small subunit of 
ribulose bifosphate 
carboxylase; calvin 
cydus 


photosy n theti c 
eucaryotic cells 


yellow-green chlorosis in and 
arrond the veins of systemic 
leaves 


VIGS: 
p35S>8ense-nos 
terminator 


Nicotiana 
bantamiana 


Nicotiana 
t}antamiana 


cONA 
fragment 
(O.Skb) 


Jones L et al. (1998) Plant Cell 11(12). 2291-2301; 
Voinnet et al (2000) Cell 103. 157-167 (see PDS} 
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rbcS (Rubtsco, 
small subunit) 


small subunit of 
ribulose bifosphate 
carboxylase; calvin 
cydus 


photosynthetic 
eucaryotic cells 


activity; significant reduction 
in cartxxiic anhydrase 
activity; decrease in 
photosynthesis 


p35S-antisense 
nos terminator 


tobacco 
{Nicotiana 
tabacum L) 


tobacco 
{NicoUana 
tat)acum L) 


cDNA 
fragment 
(O.Gkb) 


Hudson GS et al. (1992) Rant Physid 98(1). 294-302 
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rbcS (Rubisco, 
small subunit) 


small subunit of 
ribulose bifosphate 
cart)0xylase; calvin 
cyclus 


photosynthetic 
eucaryotic cells 


80% mRNA resucdon; 85% 
protein reduction; stunted 
growth 


p35S-antl8ens» 

SSS^onn In 3tor 


Flaveria 

UiuGiJUS 1-. 


Flaveria 


full-length 
cDNA 

f689bDl 


Furbank RT et at. (1996) Plant Physiol 111(3): 725- 
734; Maroco JP et at. (1998) Plant Physid 116(2). 
823-632 
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rfocS (Rubisco, 
small subunit) 


small subunit of 
ribulose bifosphate 
cartmxylase; calvin 
cydus 


photosynthetic 
eucaryotic celts 


reduction In transcriptkin 
levels (40%) and smaller 
siomass when grown in 36Pa 
C02 frwmnal C02 content^ 


PrbcS- 
an tl sens^tnos 


rice (Oryza 


rice {Ofyza 


cDNA 
fragment 
(SlSbp) 


Makino A et al. (1997) Plant Physiol 114. 463-491; 
Makino A et d. (2000) Aust J Plant Physid 27. 1-12; 
Makino A et al. (2000) J Exp Bot 51(Spec No). 383- 
389 
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rbcS (Rubisco, 
small subunit) 


small subunit of 
ribulose bifosphate 
cartxjxytase; calvin 
cvclus 


photosynthetic 
eucaryotic cells 


reduced levels of rtwS 
mRNA; striking variations in 
growth that are correlated 
with antisense aene dosaop 


p355^nt]sense 
35S terminator 


tobacco 
{Nicotiana 
tabacum L.) 


Nicotiana 
sylvestris 


5'cDNA 
fragment 


Rodermd et al (1988) Cdl 55(4). 673^81; Quick WP 

et al. (1992) Pianta 188, 522-531; Jiang CZ et al. 
(1994) Plant Moi Blot 25(3).569^76: RodermeJ et d. 
(1996^ Proc Natl Acad Sci U S A. 93f9>: 388 1-3885 
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Rieske FeS protein 


rote in photosynthesis 


? 


reduction (<10%) in 
transcription levels 


35S- antisense- 


tobacco 
tabacum L.) 


tobacco 
tabacum L.) 




Palomare R et al. (1993) Pianta 190(3). 305-312; 
Price GD et al. (1995) Aust J Plant Physid 22. 285- 
297; Price GO et al. (1998) Aust J Plant Physid 25, 
445-452 
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RoplAt (pollen 
specific Rop 
GTPase) 


key molecular smtch 
controlling tip growth In 
At pollen tubes 


pollen? 


Inhibited pollen-tube growth 
at O.SmM extracellular 
Ca(2+) 


pUVT52 (pollen- 
specific)- 
antisense- 


Arabidipsis 
thaiiana L. 


Arat)idipsis 
thaiiana L. 


full-lfeh&IK 
cONA 

(630bp77 
1 


I i H nt at riQQQt Planf f^nM HfQl 17H.17d9 
wl ri at. \ Isss) r^fani 1 1 1 r O 1- 1 « 
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AtRPDSA (htstone 
deacetylase; 
API 955471 


role In gene repression 
(putative deacetylase 
aenel 


leaves, stems, 
flowers and young 
silioues 


decreased endogenous 
AtRPDSA transcript and 


p^94tCUP- 
truncatsd 


AratMdip^ 
thaiiana L. 


Arabidipsis 
thaiiana L. 


cDNA 
fragment 
(519bp) 


Wu K et al. (2000) Plant Md Biol 44, 167-176 
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Rca (Rubisco 
activsse) 


Rubisco activation in 
vivo 


photosynthetic 
eucaryotic 
:ells??????????? 


reduction in transcript level 
and inflence on steady state 
photosynttiesis 


35$-anti8snse- 
nos terminator 


tobacco 
{Nicotiana 
tatjacum L.) 


tobacco 
{NicoUana 
tatyacum L. 

cv. W3ai 


3'cDNA 
fragment 
(1.2kb: 
1,1K»?) 


Mate CJ et al. (1993) 102(6). 1119-1128; Jiang CZet 
al. (1994) Plant J 5(8), 787-798; Mate CJ et al. 
(1996) Pianta 198, 604-613; Hammond ET et al. 
f1998^ Plant J 14f1l. 101-110 





A 


B 


C 


D 


E 


F 


G 


H 
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at2S2 (2S-albumin 


Seed storage protein 


seed 


redudion of albumin 
amounts in seeds; enhanced 
expresion of co-introduced 


Pares-/ - 
antlsans»4arc5 
/ 


Ambklopsis 
thaOana L. 


Arabidopsis 
thaliana L. 


fragment 
(571bp) 


Goossens etal. (1999) FEBS lett 456(1). 160-164 
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S3 (S-protein) 


rtrie in gametophytic 
self-incompatibility; a 
ribonudeasa 


pistl)'«pectf)c 


loss of S3 and S2 
Irrcompatibility 


pS3-antisense- 
nos terminator 


Petunia 
Inflata (S2S3- 
genotype) 


Petunia inflata 


CDNA 
ftagment; 

70% of 
full length 

fW?bp) 


Lee H-S et al. (1994) Nature 3G7(64S3). 560-563 
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S^4 (sucrose 
tending protein - 
SBP- homologue) 


important component 
of the sucrose 
translocation 


?? 


reduction in plant growth anc 
development; decreased 
photosynthesis... 


p35S-antlsensfl 


tot>acoo 
(Nicotiana 
tabacum L.) 


soyttean () 




Pedra JHF et a(. (2000) Plant Science 152(1). 87-98 
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SA2-Rnase (a 

ribondease) 


ribonudease = Allel- 
specific pollen 
rejection (self 
Incompatibility) 


predominantly in 
mature pistils 


low SA2 transcript level ~ 
pollen acceptance 


p35S(2xEnh)- 
antlsensa-tnos; 

pChiP- 
antisense-tnos; 
ptRNA(soybean 
antlsense- 


Nicotiana 
alata * 
Nidtiana 
phimbeginifoli 
a 


Nicotiana 
alata 


cDNA 
fragment 
(SSObp) 


Murfett J et al. (1995) Plant Md Biol 29(2). 201-212 
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SAHH (S-adenosyl 
L-homocysteine 
hydrolase; EC 
3.3.1.1) 


key enzyme in the 
regulation of 
intracellular 
methylatlon reactions 


? 


distind morphological 
changes: dwarfism, floral 

aberrations-in stamen, 
wrinkled leaves with dark 
green colours 


p35S-antlsense 
(pBI121) 


tot>acco 
(NicoUana 
tabacum L. 
cv. BY-4 and 
Xanthi) 


tobacco 
{Nicotiana 
tabacum L.) 


cDNA 
(77?bp) 


Tanaka et al. (1997) Plant Mol Bk>l 35(6), 981-986 
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SAM DC (S- 
Adenosyimelhtonin 
6 decarboxylase; 
EC 4.1.1.50) ' 


biosynthesis of the 
polyamtnes spermidine 
and spermine 


Increase of 
SAMDC activity 
during the earty 

stages of 
polymerisation 


decrease in SAMDC 
transcript level, SAMDC 
adivlty and total polyamine 
levels 


patatin promoter 
antisanse or 
sense- 
(pBIN19); 
p35S(2x)- 
antisense^35S 
or tetr tndudble 
prom-antisense 
toes 


potato 
{Solanum 
tuberosum L.] 


potato 
{Solanum 
tuberosum L. 
cv. D6sir6e) 


cONA 
fragment 
(1600bp: 
1 8007b p) 


Kumar A et al. (1996) Plant J 9(2), 147-158; Pedros 
et ai. (1099) riania zutj(ij, i33-iou 
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SBE A (starch 
branching enzyme] 


role in starch 
biosynthesis 


predominant in 
leaves 


reduction in SBE A, altered 
tutwr starch composition 


p2*35S- 
antlsenseoos 
termintor; 
pGBSS 1- 
antisense... 


potato 
(Sofanum 
tuberosum L.; 


potato 
{Solanum 
tuberosum L.) 


ill 


Jobling SA et al. (1999) Plant J 18(2). 163-171 
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SCINVm (st^uble 
acid invertase) 


rde in sucrose 
degrasation 


? 


moderate invertase inhibitk>n 
and increased sucrose 
accumulation 


p?-antisense- 


sugarcane 
{Saccharum 
offidnarum 
L.) - callus 


sugarcane 
{Saccharum 
ofTicinanjm L.) 




Ma H et al. (200O) Aust J Plant Physiol 27,1021-1030 
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SHL (short life; 
H37427) 


novel putative 
regulator of gene 
expression (contains a 
BAH domain and a 
PHD finger) 


predominent 
expresion in 
roots, stems, 
rossette leaves, 
cauline leaves 
and Howers 


dwarfism and delayed 
development 


p35S-antl8ens6 
toes (pBinAR) 


Aratmiopsis 
thaliana L. 


Arabidopsis 
thaliana L. 


cONA 
fragment 
(nOObp) 


Mussig C et al. (2000) Md Gen Genet 264(4). 363- 
370 
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AtSKII (ASK- 
alpha) and AtSK12 
(ASK-gamma) 


role in the flower organ 
patterning (SHAGGY- 
related protein 
kinases) 


flower meristems 


flower aberration 


p35S-antIsense 


Arabidopsis 
thafmna L. 


Arabidopsis 
thaliana L. 


5* 

extremity 

of the 
genes (+/- 


Domelas MC et al. (2000) Plant J 21(5), 41&-429 
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SLGs 


implicated in the self- 
incompatiblllty 
response 


stigma tapetum 
and microspores 


breakdown of self- 
incompatibility 


p35S 
(truncated)/pSLG»- 

antlsense-trws 


Brassica rapa 


Brassica rapa 


cDNA 
fragment 
(1.5kb) 


Shlba H. et al. (2000) Biosd Biotechnd Biochem. 
64(5)11016-24. 
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SLR1 (SLG^ike 
receptor 1) 


adhesive fundion in 
the pollination process 


papillar cells of 
Brassica stigmas 


altered kinetics of pollen 
adhesion, reduced levels of 
SLR1 glycoprotein and 
reduced transcript 


p??-antisense- 


BrassJca 
napus cv. 
Westar 


Brassica spp. 




Franklin TM et al. (1996) Sex. Plant Reprod 9(4), 203 
208; Luu OT et al. (1999) Plant Cell 11(2). 251-262 
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StSNAP 


hypothetical function in 
vesical targeting and 
fusion during plant 
development 


expressed in 
actively dividing 
tissues 


altered morphology such as 
curled leaf, alteration in 
cellular development and 
assimilate distribution 


pGBSS- 
antlsanse-; 
p35S-antisensa 


Sotanum 
tut>emsum L. 
cv. Kamico 


Solanum 
tuberosum L. 


CDNA 
fragment 
(897bp) 


Bachem CWB et al. (2000) Plant Md Biol 43(4). 473- 
462 
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stylarSP41 alpha 


beta-1 .S-glucanase 
activity 


stylus 


no detection possible of gene 
of interest via enzymological 
and immunc^ogical tests 


p35S-omega 
enhancer- 
antisense-tnos 


tobacco 
(Nicotiana 
tabaccum L. 
cv, Samsun 
NN) 


tobacco 
{Nicotiana 
tabaccum L. 
cv. Samsun 
NN) 


cDNA 
fragment 
(5' of 
coding 
sequence) 

: m^p 


Sessa G and Ruhr R et al. (1995) Plant Mol Bid 
29(5), 969-982 
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regulation of the 
alteration tietween 
vegetative and 
reproductive cydes in 
svmoodial meristems 


earty stage from 
shoot apices and 
leaves and later 
floral primordia 


indeterminate' phenotype 


p35S-antisense 


tomato 
(Ucopersicon 
esculantum 
Mill.) 


tomato 
{Ucopersicon 
escufentum 
Mill.) 


cDNA 
(?77?kb) 


Pnueli L et al. (1998) Development 125(11), 1979- 
1989 
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SPS (sucrose 
phosphate 
synthase; X73477) 


pixitosynthetic cartran 
methabolism 


tut>ers 


inhibition of sucrose 
synthesis and increase of 
starch 


p35S-antisense 
and sense- 


potato 
{Solanum 
tuberosum L.) 


potato 
{Sdanum 
tutierosum L.) 


cuNA 
fragments 
(asrcoding 
sequence: 
3.4kb7; 

sense: 


Getgenberger P et al. (1999) Plant J 19(2): 1 19-129 
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SPS (sucrose 

phosphate 
synthase; EC 
2.4.7.14) and 
cFBPase 


photosyntheUc carbon 
methabolism 


leaves 


inhibition of sucrose 
synthesis ... 


p35S-antlsanse 
nos 


Arabidopsis 
thaiiane L. 


Arabidopsis 
thaliana L. 


-m- 

SPS: 
1810bp 5- 
part; 

cFBPase: 

loeobp 

full 
—Iftnath.. 


Strand et al. (2000) Plant J 23{6), 759-770 
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SSI or SSII 


starch biosynthesis 


sink and sourse 
leaves 


reduction of enzyme 


p35S-antIs«nse 
ocs terminator 


potato 
{Sotanum 
tuberosum L.) 


potato 
{Solanum 
tuberosum L.) 


PPNAs: 

SSI: 
1700bp 5" 
part; SSII: 
1900bp 5' 

part 


Kossmann et al. (1999) Planta 208(4), 503-51 1 
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SSIII 


starch biosynthesis 


tubers 


profound change in the 
morphology of starch 
granules 


p35S(2x)- 
antisense-t35S 
(pBIN19) 


potato 
{Sofanum 
tuberosum L 
cv. Odstrde) 


potato 
{Solanum 
tut}erosum L. 
cv. O^rte) 


5- cDNA 
fragment: 
llOObp 


Marschall J et al. (1996) Plant Cell 8, 1121-1135 
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B 
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SSIII 




tut>ers, sink and 
sourse leaves 


drastic change in granule 
moiphology, incresed level 
of covalently linked 
phosphate 


p35S-anti sense 
ocs temninator 


potato 
{Solonutn 
tuberosum L. 


potato 
(Solanum 
tuberosum L. 
cv. Dtelrte) 


S-cDNA 
fragment: 
2300bp 


Abel et al (1996) Plant J 10(6). 981-991; Uoyd et al. 
{1999} Biochem J 338 (Pt2). 515-521 
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stearoyl-ACP' 
desaturase 

(=stearayt-acy1 
carrier protein 

1.14.99.6) 


cataiyzes the first 
desaturation step in 
seed oil biosynthesis 


in developing 
rape seed 
embryos 


Increased stearate levels in 
the seeds 


pB.fapaNAPIN- 
antlsense- 
tnapln + 
pB.repaACP- 
antlsense-tACP 


Brassha mpa 
cv. Tobin; 
Brassica 
napus cv. 
A112 


Brassharapa 
cv. R500 


CDNA 
fragment: 

iieobp 


Knutzon OS et al. (1992) Proc Natl Acad Sd USA 
89(7) .2624-2628 
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sucrose synthase 
(L19762) 


sucrose hydrolysis 


fmits 


no influence on starch or 
sugar accumulation' 


p2A11 - 
antisense^rus 


tomato 
(LycDpersicofl 
escutentum 
Mill.) 


tomato 
(Lycope/steon 
escuhrttum 

Mill. cv. 
Moneymaker) 


cDNA 
fragment: 
2600bp 


Chengappa S et al. (1999) Plant Mol Biol 40(2), 213- 
221 
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sucrose synthase 

(X75332) 


detemiinant of piani 
growth; sucrose 
feeding into 
metabolism 


overall 


makedly smaller roots and 
leavesisuggesting major role 
in plant growth 


P3SS-antlsense 
tnos(pBI121) 


carrot 
{Daucus 
carrota L.) 


carrot 
{Daucus 
carrota L.) 


cDNA 
fragment: 
2134bp 


Tang GQ and Sturm A (1999) Plant Mol Biol 41(4). 
465-479 


287 


Susy (:sucrose 
synthase) 


sucrose cleavage 


sink tuber 


strong accumulation of 
reducir^ sugars and 
inhibition of starch 
accumulation in devetopping 
tutwrs 


p35&-antisense 
toes 


potato 
(Solanum 
tuberosum L.) 


potato 
{Solanum 
tut)erosum L.) 


cONA 
fragment: 
2440bp; 

coding 
region 


Zrenner et al (1995) Plant J 7(1), 97-107 


288 


SuSy (sucrose 
synthase;L19762): 
TOMSSF (fnilt 
specific SuSy) 


participates in the 
controt of sucrose 
import capacity of 
young tomato fruit 


flowers and fruit 
pericarp 


reduced fruit set and slower 
growth rate of the fruit 


P3SS>antisenss 
(pBI121) 


tomato 
{Lycx^rsicon 
esculentum 
Mill.) 


tomato 
{Lycopersicon 
esculentum 

Mill. cv. 
Summerset) 


cDNA 
fragment: 
S3ebp 


O'Aoust MA et al. (1999) Plant Cell 1 1(12), 2407- 
2418 
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Ntsun (H+- 

sucrosa 
cotransporter) 


translocation of 
sucrose from the 
mesophytl to the 
phloem 


mature leaves 


mRNA reduction, curied 
down leaves, chloroses, 
necroses and death 


p3SS-antisense 
toes 


tobacco 
{Nicotiana 
tabacum L. 

cvSNN) 


tobacco 
{Nicotians 
tabacum L.) 


cONA 
fragment; 
1200bp 


Burltler et al. (1998) Plant Physiol 1 18(1), 59-68 
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TDC (tryptophan 
decsrtwxylase; EC 
4.1.1.28) 


key step in the 
biosynthesis of 
terpenoid Indole 
alkaloids 


in tumour calluses 
(transcriptkjnally 
induced by fungaf 
elicitors) 


decreased levels of TOC 
activity 


p35S-antisense 
t35S 


Madagascar 
periwinkle 

(Catharanthu 
a roseus) 


Madagascar 
periwinkle 
(Catharanthus 
roseus) 


cONA 
fragment: 
??bp 


Goddijn OJ et al. (1995) Transgenic Res 4(5). 315- 
323 
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TK (plastid 
transketolase; 
A52295: Wf-TK-26) 


role in the Calvin cyde 
and the oxidative 
penthose phosphate 
pathway and formatbn 
of precursors to the 
shikimate and 
phenypropanoid 
metabofism 


ubiquitous 
expression 


bleaching 


p35S-antisense 
toes 


tobacco 
{NIcotiana 
tabacum L.) 


tot>acco 
{Nicotiana 
tat)acum L.) 


cONA 
fragment: 
12S2bp 


Menkes S et al. (2001) Plant Cell 13(3). 535-551 
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TMS (tomato 
MACS box gene 
no. 5) and TM6 


fiow«r specific MADS 
box gene 


expressed in 
primordial and 
developing stages 
of petals, 
stamens and 
gynocta 


flower atierrations 


p35S-antisense 
(pBI121) 


tomato 
(Lyc<^>ersicon 
escuiantum 
L) 


tomato 
(Lycopersicon 
escuiantum L.) 


fylHength 
(?PNA?: 
TMS: 
910bp : 
TMS: 
902bp 


Pnueli L et al. (1994) Plant Cell 6(2), 175-186 
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stToc34 and 
atToc33 


components of the 
chloroptast protein 
import machinery 


overall but 
developmentally 
regulated 


pale yellowish phenotype 


p35S-antisense 
(pGTV-BAR 
vector) 


Arabidopsis 
thaliana L. 


Arabidopsis 
thaliana L. 


cONA 
fragments 
; atToc34, 

942bp: 
atToc33, 

981 bp 


Gutensohn M et al. (2000) Plant J 23(6), 771-783 
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alphaTPT 
(chloroplast those 
phosphate/phospha 
te transjocator) 


control on the flux of 
starch and sucrose 
biosynthesis, C02 
assimilation, 
respiratrion and 
photosynthetic electron 
transport 


green and non 
green tissue 


In elevated 002 and low 02 

and saturating light 
conditions: increased 140 
incorporation into starch; 


p35S-ant)sense 
t35S (pBIN19) 


tobacco 
{Nicotlana 
tabacum L.) 


tobacco 
{Nicotiana 
tabacum L.) 


cDNA 
clone: 
1200bp 


Hausler RE et al. (1998) Planta 204(3). 366-376; 
Hausler RE et al. (2000) Planta 210(3). 371-382 
Hausler RE et al. (2000) Planta 210(3), 383-390 
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TPT (chloroplastic 
triosephosphate 
translocator) 


translocation of mgars 
to the chloroplasts 
(Calvin cyctus?) 


? 


retarded growth at earty 
developmentat stages 


p35S-antlsense 
t35S 


Sotanum 
tuberosum L 
cvD4sir6e 


Solanum 
tuberosum L. 


cDNA 
fragment: 
1350bp 


Rersmeier JW et al. (1993) Proc Natl Acad Scl USA 
90, 6160-6164; Kauder F el al. (2000) J Exp Bot 
51(Spec No), 429-437 
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TPX (lignirvforming 
peroxidase) 


Itgnin biosynthesis??? 


? 


TPX-mRNA reduction 


p35S-antlsense 
+ 35S-rilx>zyme 
(Rz) + tRNA-Rz 


tobacco 
{NicoUana 
tat}acum L.) 






Mclntyrs CL et al. (1996) Transgenic Res 5(4), 263- 
270 
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TRAMP 


a ripening-associated 
membrane protein; 
putative aquaporin; 
role in movement of 
solutes between cell 
compartments 


ripening fniit 


94% reduction in transcript; 
marited alterations in the 

normal pattern of 
accumulation of twth organic 

acids and sugars 


p35S-a n ti se n s e 
t35S; P2A11- 
antisense^SSS 
(both in pBtN19) 


tomato 
(Lycopersicon 
esculentum L. 
cv. Ailsa 
Craig) 


tomato 
(Lycopersicon 
esculentum L.) 


cDNA 
fragment: 
760bp 


Chen G et al. (2001) Planta 212(5/6). 799-807 
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TTS {TTS-2) 


stimulation of pollen 
tube growth 


flowers 


reduction of pollen tube 
growth 


p35S(2x)-sense 
; pTTS 1- 
antlsense- 


tobacco 
(Nlcotiana 
tabeccum L.) 


tobacco 
{Nicotiana 
tabeccum L.) 


full-length 
cONA: 
967bp7 


Cheung AY et al. (1995) Cell 82(3). 363-393 
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UDP^Ic 
epimerase 

(Z54214) 


catalysation of the 
reversible 
epimerization of UDP- 
galactose and UOP- 
glucose 


? 


repressed growth In 
galactose containing medium 
correlated with decreasing 
enzyme activity 


p35S-antl sense 
(pBINAR-Hyg) 


AralAiopsis 
thaliana L 


Arabidopsis 
thaliana L. 


cONA 
done: 
1356bp 


Dormann P and Benning C (1998) Plant J 13(5), 641- 
652 





A 


B 


C 


D 


E 


F 


G 


H 
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UDP-glucose pp- 
tyase (UGPase) 


role in the process of 
'cold sweetentf^ : 
starch biosynthesis 


developing tubers 


strong reduction of UGPase 
activity without change in 
growth and development 


p35S-antlsense 


potato 






Zrennerat al. (1993) Planta 190{2). 247-252 
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UROD 

(Uroporphyrinogen 
III ddcsrboxylssoi 
X82833) 


tetrapyrde 
biosynthesis pathway 


ubiquitous steady 
state level light 
Induced increase 
and decrease in 
pider leaves 


stunted plant growth and 

necrotic leaf lesions; 
increased pathogenesis- 
related protein expression. 
Increased leaf lesions and 
high levels of PR1-mRNA + 
TMV-resistanco 


p35S-antts«nse 
(BinAR) 


tobacco 
{Nicotiana 
tabaccum L. 
var Samsun 
NN) 


tobacco 
{NicoVana 
tabaccum L.) 


fulMength 
cDMA: 
14T7bp 


Mock H-P and Grimm B (1997) Plant Physiol 113. 
1101-1112; Mock H-P el al. (1999) J. Biol Chem 
274(7). 4231-4238 
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VN-35 (noduiin- 

35: nodulin specific 
uncase) 


enzyme in the ureide 
biosynthesis pathway: 
N-assimilation 


7 


nodules smaller in size, 
lower uricaze activity and 
nitrogen deficiency 
symptoms 


PSSS-antlsense 
tnos (PBI121} 


Mothbean 

(Vtgna 
econiUfoBa} 


Mothbean 

{Vigna 
aconitifolia) 


cOMA 
fragments 
: SOObp or 
lOOObp 


Lee NG et al. (1993) Plant J 3(4): 599-606 
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Waxy {Wx} - gene 


Starch synthesis 


seed - endosperm 


reduction in amylosa 
composition = opaque seeds 


pAdh1(from 

maize)- 
antlsensa- or 
pWk (from rice)- 
antisense- 


rice (Oryza 
sativa L.) 


rice {Oryza 
sativa L) 


cONA: 
2300bp 
(with 
450bp 
intfon) 


Itoh et at. (1997) Mcrf Gen Gent 255(4), 351-358; 
Terada et al. (2000) Plant Cell Physiol 41(7), 881-688 
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MXET-1 

(xyloglucan 
endotransglycosyla 
se; AA624986) 


involved in the 
incorporation of small 
xyloglucan moiecules 

into Vtm cell wall 


highest 
expression tn 
vascular tissues 


reduced XET activity {56- 

37%); increase of the 
xyfoglucan average MW 


p35S-antisense 

ocs terminator 


tobacco 
{Nicotiana 
tabaccum L.) 


tobacco 
{Nicotiana 
tabaccum L) 


fulMength 
cONA 
done 

(1098bp} 


Herbers K et al. (2001) Planta 212(2), 279-287 
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